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ABSTRACT 

This report presents the results of a study of aug- 
mentation requirements for the Real Time Computer Complex (RTCC) 
and the Simulation, Checkout and Training System (SCATS) in the 
Mission Control Center-Houston (MCC-H). Computer needs for 
several Apollo and A A P  model schedules, representing a range of 
mission support demands, were investigated, 

It was concluded that with certain changes in the pre- 
sent flight control philosophy a single 360/75 could provide 
flight control support for the most demanding mission foreseen-- 
an AAP dual launch and rendezvous with an orbiting cluster. The 
changes ,include such things as delaying or suppressing selected 
telemetry data and updating telemetry displays less frequently 
than h.eretofore. Hence, the presently used stand-alone concept 
one computer with backup supporting all processing for a 
mission--can be used in the foreseeable future. It was also 
concluded that a single 3 6 0 / 7 5  could provide the Ground Systems 
Simulation Computer (GSSC) capability for any one mission if 
minor training compromises are made. 

Further analysis based on maintaining the stand-alone 
approach led to the following conclusions: 

1. The present RTCC-GSSC computer complement--six 3 6 0 / 7 5 l s  
and two 360/501s--is adequate for an Apollo-only schedule 
and for an Apollo schedule with three-month launches 
interleaved with a "light" AAP schedule. 

2. The present complement of computers is inadequate f o r  
an Apollo schedule with two-month launches Interleaved 
with a "light'' AAP schedule. At least one more 3 6 0 / 7 5  
would be required f o r  program development. 

If Apollo is interleaved with a 'lheaviertl AAP, it 
would be desirable to put the additional 3 6 0 / 7 5  In the 
SCATS area so that simultaneous training exercises 
could be supported. It wouid also be desirable to 
convert the two 3 6 O / 5 O 1 s  to a 3 6 0 / 7 5  with real time 
interfaces so that more simultaneous activities could 
be handled. 
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Study areas which might lead to more efficient com- 
puter utilization were identified. These include: abandonment 
of the stand-alone approach in favor of functional processing; 
use of multiprogramming during program checkout; more efficient 
telemetry processing schemes. 

Although the bulk of the analysis was performed prior 
to October 1967, much of the data is still relevant. Further- 
more, areas are identified in which subsequent or continuing 
analyses were conducted. Since the analysis covered a broad 
range of manned space flight schedules, both the techniques 
and the results reported here should b e  useful f o r  other 
studies such as the current Saturn V Launched Orbital Workshop 
Study. 
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1.0 INTRODUCTION 

Current planning at NASA Headquarters indicates that 
Apollo and Apollo Applications Program (AAP) missions may over- 
lap or interleave in time, and that some AAP missions may place 
heavy demands on existing ground support systems. The Eiellcomm 
G O S S  Augmentation Study conducted in July through September, 
1967, investigated the impact of proposed manned missions on 
two major ground systems: the Mission Control Center-Houston 
(MCC-H) and the Manned Space Flight Network (MSFN). (1) 

This report answers a question that formed a major 
part of the study: what augmentation, if any, is needed in the 
Real Time Computer Complex (RTCC) and the Simulation Checkout 
and Training System (SCATS) in the MCC-H? 

The answer to this question depends on the type of 
schedule to be supported, a factor which had not been completely 
defined at the time of the study. Hence, the study team pro- 
vided a range of answers to cover a set of baseline schedules 
(see Figure 1).* This memorandum documents both the answers and 
the methods employed to reach them. 

2.0 BACKGROUND 

The general flow of data on the ground in support of a 
mission is shown in Figure 2. The primary purpose of the comput- 
ers within the RTCC is the direct support of a live mission. 
Operating in real time, these computers process telemetry and 
tracking data to update displays, determine trajectories, and 
carry out mission planning functions. They also handle commands 
sent by the flight controllers to the spacecraft. Before launch 
they are used extensively for testing the MCC-H and MSF'N systems, 
for pad support, and for training flight controllers. The pro- 
grams that support these functions are tailored for each mission. 

*The baseline schedules were formulated from NASA Head- 
quarters plans as known during the study period and are combina- 
tions of "light" and "heavy" Apollo and AAP schedules. They 
provide a likely range of mission support demands. 
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The development and checkout  of t h e s e  programs i s  c a r r i e d  o u t  on 
f i v e  IBM/75's l o c a t e d  i n  t h e  RTCC area o f  MSC's B u i l d i n g  3 0 ,  two 
IBM 3 6 0 / 5 0 ' s  l o c a t e d  i n  t h e  IBM B u i l d i n g , "  and one I B M  360/75  
l o c a t e d  i n  t h e  SCATS a r e a  of  MSC's B u i l d i n g  4 2 2 .  

The p r imary  purpose of  t h e  computers  w i t h i n  t h e  SCATS 
i s  t o  s i m u l a t e  t h e  t r a j e c t o r y  and t e l e m e t r y  da t a  flow from a n  
a c t u a l  m i s s i o n  t o  p r o v i d e  r e a l i s t i c  i n p u t s  for t r a i n i n g  e x e r c i s e s  
w i t h i n  t h e  MCC-H. There  a r e  p r e s e n t l y  t h r e e  computers  w i t h i n  
SCATS: a Univac 418, a Univac 4 9 4 ,  and t h e  a fo remen t ioned  IBM 
360/75.  The Univac computers a re  used  f o r  s i m u l a t i o n  c o n t r o l  and 
remote  s i t e  s i m u l a t i o n  r e s p e c t i v e l y .  M S C  e s t i m a t e s  i n d i c a t e d  t h a t  
t h e s e  computers  would be a b l e  t o  h a n d l e  t h e  expanded r e q u i r e m e n t s  
d i c t a t e d  by Apol lo  and AAP s c h e d u l e s ;  hence  t h e y  a re  n o t  d i s c u s s e d  
f u r t h e r  i n  t h i s  r e p o r t .  The 360/75, c a l l e d  t h e  Ground Systems 
S i m u l a t i o n  Computer (GSSC), which s i m u l a t e s  s p a c e  v e h i c l e s  and 
MSFN ground s y s t e m s ,  i s  c o n s i d e r e d  i n  more d e t a i l ,  s i n c e  t h e r e  a r e  
c i r c u m s t a n c e s  which may d i c t a t e  t h e  need  f o r  i t s  augmen ta t ion .  
GSSC programs are  developed  p r i m a r i l y  on t h e  360/75 i n  B u i l d i n g  
4 2 2  and t h e  two 36O/5O1s i n  t h e  IBM B u i l d i n g ,  w i t h  some u s e  of t h e  
360/75 ' s  i n  B u i l d i n g  30 when t h e y  a re  a v a i l a b l e .  

I n  a d d i t i o n  t o  RTCC and GSSC program development  and 
m i s s i o n  s u p p o r t ,  t h e r e  are c e r t a i n  o t h e r  t a s k s  which r e q u i r e  t h e  
u s e  o f  t h e  3 6 0 ' s .  By fa r  t h e  l a r g e s t  o f  t h e s e  t a s k s  i s  t h e  work 
i n v o l v i n g  t h e  r e a l  t i m e  o p e r a t i n g  sys t em (RTOS). T h i s  sys t em 
unde rgoes  c o n t i n u a l  main tenance ,  deve lopment ,  t e s t i n g ,  and  i m -  
provement f o r  pu rposes  of more e f f i c i e n t  u t i l i z a t i o n  o f  t h e  
compute r s .  The s i m u l a t i o n  of RTCC and GSSC program e x e c u t i o n  t o  
d e t e r m i n e  r u n n i n g  t imes of  program segments  i s  a n o t h e r  t a s k  re -  
q u i r i n g  computer  t i m e .  Sma l l e r  amounts o f  t i m e  a re  d e v o t e d  t o  
t h e  g a t h e r i n g  and p r o c e s s i n g  o f  s t a t i s t i c a l  data  r e l e v a n t  t o  
computer  u t i l i z a t i o n ,  and a d m i n i s t r a t i v e  and c o n f i g u r a t i o n  con- 
t r o l  r e c o r d  k e e p i n g  for programs unde r  deve lopment .  

Computers o u t s i d e  o f  MCC-H, p a r t i c u l a r l y  t h e  U N I V A C  
1108's i n  MSCIs comDutationa1 f a c i l i t y ,  a r e  a l s o  used for some 
r e l a t e d  programming e f f o r t s ,  p r i n c i p a l l y  i n  t h e  area of  m i s s i o n  
p l a n n i n g .  Some of t h e  programs deve loped  i n  t h i s  manner a r e  
e v e n t u a l l y  i n c o r p o r a t e d  i n t o  m i s s i o n  programs f o r  R T C C .  These  
a c t i v i t i e s ,  however,  p roceed  i n d e p e n d e n t l y  o f  RTCC and were 
g i v e n  no  f u r t h e r  c o n s i d e r a t i o n  i n  t h i s  s t u d y .  

*There i s  no d i r e c t  l i n k  between t h e  360 /50 ' s  and t h e  MCC-H, 
hence  t h e y  are l i m i t e d  t o  o f f - l i n e ,  job-shop t y p e  o f  program 
development .  
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3.0 ANALYSIS OF RTCC COMPUTER REQUIREMENTS 

The number o f  RTCC computers  r e q u i r e d  t o  s u p p o r t  a 
p a r t i c u l a r  s c h e d u l e  i s  dependent  on :  t h e  r e a l  t ime  s u p p o r t  de-  
mands of  i n d i v i d u a l  m i s s i o n s  a s  compared t o  t h e  c a p a b i l i t y  o f  a 
360/75; t h e  number o f  s imul t aneous  m i s s i o n s ;  r e l i a b i l i t y  g o a l s ;  
and t h e  computer t i m e  needed f o r  deve lopment ,  t e s t i n g ,  t r a i n i n g ,  
and o t h e r  p r e l a u n c h  usage  o f  t h e  RTCC computer  programs.  

3 . 1  C a p a b i l i t y  o f  t h e  360/75  

The RTCC o p e r a t e s  i n  a " s t a n d - a l o n e "  mode: a s i n g l e  
computer  p r o c e s s e s  a l l  t e l e m e t r y  and t r a c k i n g  data  f o r  a m i s s i o n  
i n  r e a l  t i m e .  W i t h  t h e  advent  o f  m u l t i p l e  l a u n c h e s  and space -  
c r a f t  c l u s t e r s  i n  t h e  A A P ,  t h e  amount o f  t e l e m e t r y  da ta  i s  ex- 
p e c t e d  t o  i n c r e a s e  g r e a t l y  over  Gemini and Apo l lo .  It  i s  n a t u r a l  
t h e n  t o  q u e s t i o n  w h e t h e r  a s i n g l e  360/75 w i l l  be c a p a b l e  o f  
s u p p o r t i n g  an  AAP m i s s i o n ,  s i n c e  a "no" answer t o  t h i s  q u e s t i o n  
w i l l  g r e a t l y  a f f e c t  t h e  number of  computers  r e q u i r e d  i n  t h e  R T C C .  

The a n a l y s i s  i n  t h i s  s e c t i o n  w i l l  show t h a t  a s i n g l e  
360/75 ~ can  h a n d l e  t h e  w o r s t  c a s e  mission--an AAP-3/4 d u a l  l a u n c h  
and rendezvous  w i t h  t h e  c l u s t e r - - i f  - c e r t a i n  f l i g h t  c o n t r o l  cam- 
p romises  a re  made. 

3 . 1 . 1  Loading F a c t o r s  

The RTCC p r o c e s s i n g  l o a d  can  b e  c o n s i d e r e d  t o  b e  com- 
p r i s e d  of f o u r  ma jo r  f u n c t i o n s :  r e a l  t i m e  t e l e m e t r y  p r o c e s s i n g ;  
r e a l  t ime  t r a j e c t o r y  p r o c e s s i n g ;  event -dependent  p r o c e s s i n g ;  and 
Real Time O p e r a t i n g  System p r o c e s s i n g .  (2) 
c e s s i n g ,  b o t h  f o r  t r a j e c t o r y  and t e l e m e t r y  parameters, must b e  
comple ted  w i t h i n  a s p e c i f i c  t i m e  c y c l e  t o  a v o i d  l o s s  of da ta .  
Event-dependent  p rocess ing - -e .g . ,  maneuver p l a n n i n g ,  go-no-go 
p r o c e s s i n g ,  d i f f e r e n t i a l  c o r r e c t i o n - - i s  i n i t i a t e d  e i t h e r  by 
f l i g h t  c o n t r o l l e r  r e q u e s t  o r  t h e  o c c u r r e n c e  o f  some s p e c i f i c  t r a -  
j e c t o r y  e v e n t .  While n o t  t i e d  t o  a s p e c i f i c  c y c l e ,  p r o c e s s i n g  
r e s u l t s  must be  a v a i l a b l e  i n  a t i m e l y  f a s h i o n ,  which c o u l d  b e  
from seconds  t o  h o u r s .  Although no f i r m  s t a n d a r d s  have been  s e t ,  
i t  has been  estimated t h a t  between 39% and 50% o f  computing t i m e  
d u r i n g  s p a c e c r a f t  c o n t a c t  shou ld  b e  r e s e r v e d  f o r  such  p r o c e s s -  
i n g  . 

Rea l  t ime p ro -  

(2) 

3 . 1 . 2  Loading Data 

The l o a d i n g  data  used i n  t h i s  a n a l y s i s  a r e  shown i n  
Table 1. The t ime  f o r  RTOS overhead  p r o c e s s i n g ,  which i n c l u d e s  
merrory rnanaqement and i n p u t - o u t p u t  f u n c t i o n s  , i s  i n c l u d e d  i n  
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t h e  i n d i v i d u a l  p r Jq ram p r o c e s s i n g  t i m e s .  The t i m e  f o r  program 
swapping--br inging  programs i n  and o u t  of memory--beinp a f u n c -  
t i o n  o f  t o t a l  program s i z e ,  i s  es t imated s e p a r a t e l y .  The te lem-.  
e t r y  p r o c e s s i n g  es t imates  a re  g i v e n  i n  t e r m s  of m i l l i s e c o n d s  
o f  p r o c e s s i n g  p e r  t e l eme t ry  u p d a t e . *  D i v i d i n g  an  e s t i m a t e  by 
t h e  u p d a t e  p e r i o d - - c u r r e n t l y  one second--g ives  t h e  f r a c t i o n  of 
t i m e  a compute r ' s  c e n t r a l  p r o c e s s i n g  u n i t  ( C P U )  i s  p r o c e s s i n g  
a p a r t i c u l a r  c l a s s  of  da ta .  For  example,  Command and S e r v i c e  Module 
(CSM) t e l e m e t r y  p r o c e s s i n g  t a k e s  1 7 . 1 %  of  t h e  r e a l  t i m e  c y c l e  
( 1 7 1  m i l l i s e c o n d s / 1 0 0 0  m i l l i s e c o n d s ) .  I f ,  however,  t e l e m e t r y  da t a  
were upda ted  e v e r y  two s e c o n d s ,  CSM p r o c e s s i n g  would t a k e  8 . 5 5 %  
o f  t h e  r e a l  t i m e  c y c l e .  

The t e l e m e t r y  l o a d i n g s  shown i n  T a b l e  1 are  b a s e d  on 

IBM-Houston es t imates  f o r  t h e  AS-504 m i s s i o n ,  ( 3 )  e x c e p t  f o r  t h e  
O r b i t a l  Workshop-Multiple Docking Adapter -Air lock  Module (OWS- 
MDA-AM) and t h e  Apol lo  Te le scope  Mount ( A T M )  est imates,  which 
were made b y  t h e  a u t h o r s . * *  The  r ea l  t ime  t r a j e c t o r y  p r o c e s s i n g  
es t imates  are  t a k e n  from a MITRE r e p o r t .  ( 4 )  

A n a l y s i s  i n d i c a t e s  t h a t  t h e  computer  program f o r  
AAP-3/4 w i l l  b e  comparable  i n  s i z e  t o  t h e  AS-504 program.*** 
Hence t h e  swapping t ime e s t i m a t e s g i v e n  i n  T a b l e  1 are  b a s e d  on 
es t imates  for AS-504 as d e r i v e d  from c o n v e r s a t i o n s  w i t h  MSC 
p e r s o n n e l .  

3 . 1 . 3  A n a l y s i s  o f  Worst Case Miss ion  

It i s  estimated t h a t  t h e  w o r s t  c a s e  p r o c e s s i n g  l o a d  
w i l l  o c c u r  somewhere d u r i n g  t h e  l aunch  o f  AAP-3/4 and  i t s  
r endezvous  w i t h  t h e  OWS-MDA-AM. The e x a c t  l o a d i n g  i s  dependen t  
on t h e  m i s s i o n  p l a n ,  which i s  n o t  y e t  c o m p l e t e l y  d e f i n e d .  F o r  
t h e  p u r p o s e  of  a n a l y s i s  t h e  f o l l o w i n g  a s sumpt ions  were made: 

a .  The LM/ATM AAP-4  l aunch  w i l l  o c c u r  p r i o r  t o  t h e  CSM 
AAP-3 l aunch .  

b. The manned CSM w i l l  b e  l aunched  w i t h i n  a day o f  t h e  
LM/ATM, 

*Telemet ry  p r o c e s s i n g  t a k e s  p l a c e  each  time upda ted  
t e l e m e t r y  p a r a m e t e r s  a r e  t r a n s m i t t e d  from t h e  Communication, 
Command and Te leme t ry  System (CCATS) t o  t h e  R T C C .  

**It was assumed t h a t  t h e  OWS c l u s t e r  was e q u i v a l e n t  t o  
1 1 / 2  unmanned CSM's and t h a t  t h e  ATM was e q u i v a l e n t  t o  one 
unmanned CSM. 

***See Appendix,  
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c .  Dur ing  t h e  l a u n c h ,  t h e  LM/ATM w i l l  b e  c o v e r e d  b y  a 
s h r o u d .  It w i l l  b e  i n c a p a b l e  of  g e n e r a t i n g  te lem- 
e t r y  u n t i l  t h e  shroud's removal  d u r i n g  t h e  LM/ATM- 
CSM r endezvous .  

d. The LM g u i d a n c e  computer w i l l  a c t i v e l y  p a r t i c i p a t e  
i n  t h e  r endezvous  of t h e  CSM-LM/ATM w i t h  t h e  OWS- 
MDA-AM. 

T a b l e  2 shows t h e  p r o c e s s i n g  r e q u i r e m e n t s  d u r i n g  t h e  
C S M  l a u n c h ,  assuming t h a t  a l l  p o s s i b l e  t e l eme t ry  s o u r c e s  are  
g e n e r a t i n g  and t h a t  t e l e m e t r y  i s  u p d a t e d  a t  one-second i n t e r -  
v a l s .  

The r e s u l t - - % 9 7 % - - i s  i n t o l e r a b l e  s i n c e  i t  i s  c l o s e  t o  
an  o v e r l o a d  s i t u a t i o n ,  even wi thou t  c o n s i d e r i n g  t h e  r e q u i r e m e n t s  
f o r  event -dependent  p r o c e s s i n g  and program swapping.  I Jnfor tu-  
n a t e l y ,  t h e  n e x t  phase o f  t h e  miss ion- -docking  t h e  LM/ATM w i t h  
t h e  C S M ,  f o l l o w e d  by rendezvous w i t h  t h e  OWS-MDA-AM--is  wor se  
y e t .  Here t h e  r e a l  t i m e  t e l e m e t r y  and t r a j e c t o r y  p r o c e s s i n g ,  
e x c l u s i v e  of  swapping and event -dependent  p r o c e s s i n g ,  i s  a 0 8 %  
( see  T a b l e  3 ) .  

3 . 1 . 4  Methods t o  Reduce CPU Overload 

I n  o r d e r  t o  s u p p o r t  t h e  AAP m i s s i o n  i n  a s i n g l e  com- 
p u t e r ,  m a j o r  r e d u c t i o n s  i n  t h e  p r o c e s s i n g  l o a d  w i l l  b e  
n e c e s s a r y .  Such r e d u c t i o n s  can be e f f e c t e d  b y :  r e d u c i n g  t h e  
number o f  p a r a m e t e r s  mon i to red ;  s e l e c t i v e l y  t u r n i n g  o f f  telern- 
e t r y ;  d e l a y i n g  c e r t a i n  t e l e m e t r y  t r a n s m i s s i o n s  from t h e  r emote  
s i t e s ;  r e d u c i n g  t h e  te lemet ry  u p d a t e  c y c l e .  These  methods c a n  
b e  u s e d  s i n g l y  o r  i n  combina t ion  t o  r e l i e v e  p o t e n t i a l  o v e r l o a d  
s i t u a t i o n s  a l b e i t  a t  t h e  expense o f  compromising f l i g h t  con- 
t r o l l e r  o p e r a t i n g  p r o c e d u r e s .  

3.1.4.1 Reduce t h e  Number of  Te leme t ry  P a r a m e t e r s  

The p r o c e s s i n g  t ime f o r  t e l eme t ry  i s  e s s e n t i a l l y  d i -  
r e c t l y  p r o p o r t i o n a l  t o  t h e  number o f  p a r a m e t e r s  
m o n i t o r e d  and t h e  f requency  w i t h  which t h e y  a r e  up- 
dated.  I f  t h e  number o f  p a r a m e t e r s  i s  h a l v e d ,  t h e  
p r o c e s s i n g  t ime w i l l  a l s o  be h a l v e d .  
however ,  t h a t  t h e  p r e s e n t  p a r a m e t e r  es t imates  f o r  AAP 
c o u l d  be  s i g n i f i c a n t l y  r e d u c e d  be tween now and t h e  
t ime t h e  s p a c e c r a f t  c o n f l g u r a t l o n  I s  f r o z e n .  
t h e  t r e n d  I s  u s u a l l y  towards  i n c r e a s e d  p a r a m e t e r s  as 
t ime p r o g r e s s e s ,  
t h a t  t h e  p a r a m e t e r s  must b e  c o n t r o l l e d  t o  keep  t h e  
l i s t  as small as p o s s i b l e .  

It is d o u b t e d ,  

I n  f a c t ,  

The b e s t  t h a t  can  b e  s a i d  h e r e  I s  
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3 . 1 . 4 . 2  Reduce t h e  Te leme t ry  Update Cycle  

Much more r e w a r d i n g  i s  t h e  p o t e n t i a l  g a i n  r e s u l t i n g  
from i n c r e a s i n g  t h e  t i m e  between t h e  t e l e m e t r y  u p d a t e s .  
If, f o r  example,  t h e  p e r i o d  for s e n d i n g  data  from 
CCATS t o  t h e  RTCC and t h e  p e r i o d  for u p d a t i n g  telem- 
etry d i s P l a Y S  i n  t h e  R T C C  i s  i n c r e a s e d  to t T . J O  s e c & n d s ,  
t h e  t i m e  f o r  t e l e m e t r y  p r o c e s s i n g  w i l l  be  h a l v e d .  
Hence, i n c r e a s i n g  t h e  t e l e m e t r y  u p d a t e  p e r i o d  f o r  t h e  
c a s e  shown i n  T a b l e  3 would b r i n g  t h e  combined p r o c e s s -  
i n g  t i m e  down t o  % h 2 % * * ,  e x c l u s i v e  o f  event -dependent  
p r o c e s s i n g  and program swapping ,  

It s h o u l d  be  mentioned t h a t  t h e  F l i g h t  Control Div i -  
s i o n  a t  PISC does  no t  c o n s i d e r  t h i s  approach  to b e  
d e s i r a b l e ,  s i n c e  i t  d e c r e a s e s  t h e  p r o b a b i l i t y  o f  a 
f l i g h t  c o n t r o l l e r  d e t e c t i n g  changes  i n  t e l e n e t r y  
parameters. Another  p e n a l t y  t h a t  must b e  p a i d  i s  t h e  
c o s t  of mod i fy ing  t h e  CCATS and R T C C  t e l e m e t r y  Fr2q- 
c e s s i n g  program. However, t h i s  p r i c e  i s  small  compared 
to t h e  o v e r a l l  development c o s t  o f  t h e  RTCC program.  

To overcome t h e  f l i g h t  c o n t r o l l e r ' s  o b j e c t i o n ,  i t  
might  b e  d e s i r a b l e  t o  s e l e c t i v e l y  v a r y  t h e  t e l eme t ry  
c y c l e  on a v e h i c l e - b y - v e h i c l e  b a s i s .  For example ,  i f  
CSM data  i n c l u d i n g  t h e  AND and AGC*** a r e  upda ted  Once 
each  second ,  and t h e  o t h e r  v e h i c l e  d a t a  a r e  u p d a t e d  
once e v e r y  two seconds ,  C P U  u t i l i z a t i o n  f o r  t h e  c a s e  
d e p i c t e d  i n  T a b l e  3 would b e  r e d u c e d  to .77% e x c l u s i v e  
o f  event -dependent  p r o c e s s i n g ,  program swapping and 
a d d i t i o n a l  RTOS t i m e  r e q u i r e d  f o r  h a n d l i n g  t h e  more 
complex u p d a t e  r u l e s .  The s e l e c t i v e  approach  would,  
however,  r e q u i r e  s i g n i f i c a n t  reprogramming and m i g h t  
a c t u a l l y  i n c r e a s e  CPU l o a d i n g  i f  n o t  c a r e f u l l y  
programmed. 

3 . 1 . 4 . 3  S e l e c t i v e  "Turnof f "  or Delay o f  Te lemet ry  

Over load  c o n d i t i o n s  can a l s o  b e  r e d u c e d  by " t u r n i n g  
o f f "  c e r t a i n  emi t t e r s  d u r i n g  w o r s t - c a s e  s i t u a t i o n s .  

* T h i s  c o n c l u s i o n  i s  based on an a n a l y s i s  o f  t h e  CCATS- 
RTCC-Display computing c y c l e  and has been  v e r i f i e d  i n  s e v e r a l  
c o n v e r s a t i o n s  w i t h  MSC and IBM p e r s o n n e l .  

%*(91.6)(1/2) + 1 4 . 5  t 2.1 = 6 2 . 4  - % 62%. 

***  
AMD: Aeromedical  Data  
A G C :  Apol lo  Guidance Computer 
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"Turn-off"  c a n  b e  accompl i shed  Sy l i t P r a l l \ i  s k u t t i n f S  
o f f  a t e l e m e t r y  t r a n s m i t t e r  or b y  n o t  t i - 7 n s m i t t i n g  i t s  
data i n  r e a l  t i m e  f r o %  t h e  rernote  s i t e s .  

One s t r a t e c y  might  b e  t o  tii7-n o f f  t h e  C)I::S-MD,?-P.I.I du r - -  
i n g  t h e  r A?-3/4 l a u n c h - r e n d ' ~ ~ z v o l ~ ~  ;;!lase e x c e p t  ?or 
b r i e f  p e r i o d s  o f  c h e c k o u t .  That, i s ,  t h e  d a t a  vi11 
o n l y  b e  m o n i t o r e d  t o  d e t e r m i n e  i T  ,.!armed launc 
maneuvers  shcluld b e  commenced. ( T I !  . a co1ilrnitmei:t i s  
made, t h e  OI.JS-'l?A-AI.I w i l l  n '?t  b z  - i , i t o r e d  u n t l l  i t  i s  
t i m e  t o  make t h e  n e x t  s u c h  d e c i s ~ i o n .  ''hi? s t r a t c m j 7  
would p r o v i d e  2 6 %  more nroce::::in:: t I . m e  per.  c y c l e  i n  
t h e  s i t u a t i o n s  shown i n  T a b l e s  ? and 3. 111 f a c t ,  a 
c o m b i n a t i o n  o f  a two-second c y c l e  and , ;unl??->ession o f  
C)WS-I'!PA-AM (data would r e d u c e  t h e  CPU l o a d i n g  f n r  
t h e  r e a l  t i n e  D r o c e s s i n F  i n  th:: r r n d e z v o u s  pi ias t?  t o  
~ 4 9 % .  T h i s  s t r a t e g y  l e a v e s  7noy.e t.!??r! j O %  of t.!ie :ox-- 
putin.. c~7cl .e  a v a i l a b l e  f o r  ! - , ~ ! ? T Y ' ' ? ~ ,  : 
d e p  e nd e n t p r o  c e s s i n F- . 
The sar,e improvement c o u l d  b e  a c h i e v e d  hs. dela:!inq t h e  
OPdS-:..lDA- AP4 c l u s t  e r  d a t  a u n t  i 1 CS14-JJY/ !.'i? 1 c on t nc t; i s 
l o s t .  I n  t h i s  c a s e  t h e  c l u s t e r .  d a t a  woiild b e  :)recessed 
d u r i n g  a l o w e r  l e v e l  o f  a c t i v i  t y  although i t  i7l;i.v s t i l l  
b e  compet ing  f o r  CPU t ime  w i t h  the even t -dependen t  pro-- 
c e s s i n g .  T h i s  d e l a y  c o u l d  b e  accompl i shed  e i t h e r  bv  
s e n d i n g  c l u s t e r  da ta  p o s t - p a s s  f r o m  a r e m o t e  s i t e  o r  b y  
s t r i p p i n g  t h e s e  d a t a  o u t  i n  CCATS, dumpin:. them on t a p e  
and  t h e n  p l a y i n g  t h e  t a p e  back  to the R T C C  durinrr: low 
a c t i v i t y  p e r i o d s .  

3.1.4.4 C o n c l u s i o n s  

Some change i n  t h e  p r e s e n t  mt3thod of t'l i ; ;ht c o n t r o l  
w i l l  b e  n e c e s s a r y  to e n a b l e  one 2 0 '  p i l t  ' 1 '  t o  support t h e  
most complex AAP m i s s i o n .  i'he niosi  prco1?isiiig a p p r o a c h e s  
seem t o  b e  r e d u c i n g  t h e  t e l e m e t r y  cycle and d e l a y i n g  
or s u p p r e s s i n g  t e l e m e t r y  d a t a .  If  t h e s ?  a p p r o a c h e s  a r e  
n o t  u s e d ,  t h e n  t h e  number of  comi)i i tcr :  i 7 e q u i r e d  i n  t h e  
R T C C  would i n c r e a s e  g r e a t l y - - p e r n a p s  by as muc;)  as  a 
f a c t o r  o f  two. 

Consider ing ,  a l l  f a c t o r s ,  economic and  t r t a : in i ca l ,  i t  i s  
conc luded  kha t  i t  i s  b o t h  d e s i r a h l e  arid f e a s i b l e  t o  
l i m i t  t e l e m e t r y  p r o c e s s i n g  s o  t h a t  s i n g l e  computer  
c a n  p r o c e s s  t h e  d a t a  from t h e  most coi~!plex m i s s i o n s .  
The a n a l y s i s  o f  computers  r e q u i r e d  f o r  a combined 
AAP-Apollo program, to f o l l o w ,  w i l l  be based  on  t h i s  
p r e m i s e .  
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T h i s  i s  n o t  meant t o  i m p l y  t h a t  t h e  s t a n d - a l o n e  rclode i s  
n e c e s s a r i l y  t h e  " b e s t "  way to p r o c e s s  t h e  d a t a ;  t h e r e  
may b e  o t h e r  c o n f i q u r a t i o n s  lvhich c o u l d  u s e  t h e  FTCC 
computers  more e f f e c t i v e l y .  However, s u c h  methods 
would n e c e s s i t a t e  e x t e n s i v e  hardware  and s o f t v a r e  d e v e l -  
oornent which would impac t  on t h e  a l r e a d y  t i p h t  s c h e d u l e s  
i n  e f f e c t  i n  t h e  R T C C .  Because  of  t h i s  G o t e n t i a l  i m p a c t ,  
t h e s e  methods must b e  s t u d i e d  c a r c f u l l v  i n  a l o w e r  
r a n g e  e f f o r t  t h a n  t h a t  o f  t h e  GOSS Augmentat ion S t u d y .  
Our p h i l o s o p h y  i n  t h i s  s t u d y  h a s  been  to show how t h e  
s t a n d - a l o n e  approach  c a n  b e  e x t e n d e d  to AAP, t h e r e b y  
buy ing  t i m e  to make such  s t u d i e s .  Some methods d e s e r v -  
i n g  of  f u r t h e r  s t u d y  a r e  d i s c u s s e d  i n  t h e  c o n c l u d i n g  
s e c t i o n  o f  t h i s  r e p o r t ,  

3 . 2  Computer Backup f o r  R e l i a b i l i t y  

Al though one computer  c a n  p r o c e s s  a l l  t h e  da t a  f o r  a 
m i s s i o n ,  s u b j e c t  t o  t h e  c o n s t r a i n t s  d i s c u s s e d  i n  t h e  p r e v i o u s  
s e c t i o n ,  backup computers  may be r e q u i r e d  to o b t a i n  r e l i a b i l i t y  
o b j e c t i v e s .  The p r e s e n t  p h i l o s o p h y  i s  t o  u s e  a "dynamic s t a n d -  
by" computer  (DSC) f o r  c r i t i c a l  p h a s e s  s u c h  as l a u n c h e s  and 
m a j o r  b u r n s .  The DSC r e c e i v e s  and p r o c e s s e s  t h e  same i n p u t s  as 
t h e  m i s s i o n  o p e r a t i o n a l  computer  (IVIOC); i t s  o u t p u t s ,  however ,  
a re  s u p p r e s s e d .  When a f a i l u r e  i s  d e t e c t e d ,  t h e  DSC o u t p u t s  can  
b e  s w i t c h e d  t o  t h e  c o n t r o l  room w i t h i n  m i l l i s e c o n d s ,  t h u s  i n s u r -  
i n g  c o n t i n u o u s  m i s s i o n  s u p p o r t .  The o r i g i n a l  IVIOC i s  t h e n  t a k e n  
o f f - l i n e  and r e p a i r e d .  Another  R T C C  compute r ,  i f  a v a i l a b l e ,  i s  
t h e n  a c t i v a t e d  t o  dynamic s t andby  c a p a b i l i t y .  I n  Gemini ,  t h i s  
a c t i v a t i o n  took 5-15 m i n u t e s ;  a new method c u r r e n t l y  b e i n g  imple-  
mented  w i l l  r e d u c e  t h i s  t i m e  to 11 s e c o n d s .  

The problem of how many computers  a re  r e q u i r e d  to p r o -  
v i d e  a d e q u a t e  r e l i a b i l i t y  i s  a complex one .  I n  Gemini ,  i t  was 
c o n c l u d e d  t h a t  f i v e  IBM 7094-11 's  were n e c e s s a r y  t o  p r o v i d e  ade- 
q u a t e  s u p p o r t  for one  m i s s i o n ' s  c r i t i c a l  p h a s e s .  I n  a combined 
A p o l l o  and  A A P  s c h e d u l e ,  however ,  i t  may b e  n e c e s s a r y  to s u p p o r t  
two s i m u l t a n e o u s  c r i t i c a l  p h a s e s .  A p r e l i a i n a r y  e v a l u a t i o n  made 
by Bellcomm d u r i n g  t h e  Augmentat ion S tudy  i n d i c a t e d  t h a t  w i t h  f i v e  
IBM 360 /75 ' s  and s u f f i c i e n t  r e p a i r  c rews  a v a i l a b l e ,  s u p p o r t  f o r  
two c r i t i c a l  p h a s e s  would be  a v a i l a b l e  9 9 . 9 9 3 %  of t h e  t i m e . "  
T h i s  a n a l y s i s  i s  based  on a mean- t ime- to -compute r - f a i lu re  o f  7 0  
h o u r s  and  a mean- t ime- to-computer - repa i r  o f  two hours - -as  d e r i v e d  
from c u r r e n t  e s t i m a t e s  and t h e  u s e  of a s i m p l i f i e d  r e l i a b i l i t y  
model .  

* T h i s  a n a l y s i s  h a s  s u b s e q u e n t l y  been  v e r i f i e d  and i s  
documented i n  r e f e r e n c e  5 .  
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The a n a l y s i s  a l s o  i n d i - c a t e d  t h a t  a t  l e a s t  f o u r  com- 
p u t e r s  would b e  a v a i l a b l e  99.270% o f  t h e  t i m e  and t h a t  a l l  f i v e  
computers  would be a v a i l a b l e  8 6 . 8 6 %  o f  t h e  t i m e .  These f i g u r e s  
show r e s p e c t i v e l y  t h e  a v a i l a b i l i t y  of dynamic s t andby  computers  
for b o t h  c r i t i c a l  phases and t h e  a v a i l a b i l i t y  o f  a computer f o r  
o t h e r  a c t i v i t i e s  such  as p r e v e n t i v e  ma in tenance  and program de- 
ve lopment .  

Hence, f o r  t h e  pu rposes  of  t h i s  s t u d y ,  i t  w i l l  b e  
assumed t h a t  f i v e  360/75's can p r o v i d e  s u p p o r t  f o r  two s i m u l t a -  
neous  c r i t i c a l  phases w i t h  s u f f i c i e n . t  r e s e r v e  f o r  p r e v e n t i v e  main- 
t e n a n c e  and  some program development .  

3 . 3  Miss ion  Program Development Requirements  

The  l a r g e s t  p o r t i o n  o f  computer t i m e  expended f o r  a 
m i s s i o n  i s  devo ted  to program development .  Two g e n e r a l  c a t e g o r -  
i e s  of  computer  u t i l i z a t i o n  can  be d i s t i n g u i s h e d :  j o b  shop  and 
s c h e d u l e d  or b l o c k  t i m e .  J o b  shop r e f e r s  t o  programs t h a t  a r e  
p r o c e s s e d  more or less  a u t o m a t i c a l l y  i n  a b a t c h  mode unde r  con- 
trol of  t h e  o p e r a t i n g  sys tem on a 360/50 o r  360/75. About 
20-25% of  t h e  t o t a l  computer h o u r s  s p e n t  on program development 
f a l l  i n t o  t h i s  c a t e g o r y .  During s c h e d u l e d  or b l o c k  t i m e ,  a pro-  
grammer i s  a l lowed  f u l l  and e x c l u s i v e  u s e  o f  a 360/75 f o r  a 
p e r i o d  of  t i m e .  T h i s  c a t e g o r y  i s  i n t e n d e d  p r i m a r i l y  f o r  t e s t i n g  
programs i n  r e a l  t i m e ,  when some communicat ions w i t h  sys tems o u t -  
s i d e  t h e  computer  a r e  d e s i r e d  d u r i n g  t h e  e x e c u t i o n  o f  t h e  program. 

The s i z e  and complexi ty  of  m i s s i o n  programs demand t h a t  
programs f o r  new m i s s i o n s  be b u i l t  as much as p o s s i b l e  on t h o s e  
for p r e v i o u s  m i s s i o n s  o f  a s i m i l a r  or r e l a t e d  n a t u r e .  There  
a re  s e v e r a l  f a c t o r s ,  however,  t h a t  c o n t r i b u t e  to t h e  r e q u i r e -  
ments  f o r  new program development f o r  a g i v e n  m i s s i o n :  

a. 

b. 

C .  

d .  

D i f f e r e n c e s  i n  p l a n s  and o b j e c t i v e s  for v a r i o u s  
m i s s i o n s  r e s u l t  i n  changes  i n  computer  o p e r a t i o n s  
t o  s u p p o r t  t h e  m i s s i o n s .  

S p a c e c r a f t  changes , a l t h o u g h  t h e y  may b e  r e l a t i v e -  
l y  minor  on s u c c e s s i v e  m i s s i o n s ,  o f t e n  produce  
changes  i n  t e l e m e t r y  p r o c e s s i n g  and t h e r e f o r e  re-  
q u i r e  r e v i s i o n  o f  t h e  a f f e c t e d  programs.  

D i f f e r e n t  crews and teams o f  f l i g h t  c o n t r o l l e r s  a r e  
i n v o l v e d  on v a r i o u s  m i s s i o n s ,  and  c e r t a i n  i n d i v i d u a l  
p r e f e r e n c e s  n e c e s s i t a t e  program changes .  

Changes i n  m i s s i o n  programs c a n  b e  e x p e c t e d  as ve- 
h i c l e s  are  f lown  and program d e f i c i e n c i e s  a re  
r e v e a l e d .  
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e .  L i m i t a t i o n s  o f  t ime and r e s o u r c e s  f o r c e  t h e  a d o p t i o n  
of  p r i o r i t i e s  i n  h a n d l i n g  program changes ,  and r e s u l t  
i n  some changes be ing  d e f e r r e d  t o  l a t e r  m i s s i o n s .  

f .  The  imp lemen ta t ion  of a s p e c i f i c  computer f u n c t i o n ,  
even  w i t h o u t  changes i n  r e q u i r e m e n t s ,  i s  s u b j e c t  to 
c o n t i n u a l  r e f inemen t  and improvement to r?.ake b e t t e r  
u s e  of  t h e  computer ' s  c a p a b i l i t y  i n  r e a l  t i m e  and t o  
p r o v i d e  a wider margin f o r  c o n t i n g e n c i e s .  

A f i r s t - o f - a - k i n d  m i s s i o n  l i k e  t h e  f i r s t  A-pollo l u n a r  
l a n d i n g  m i s s i o n  would n e c e s s a r i l y  i n v o l v e  e x t e n s i v e  program 
development .  IBM e s t i m a t e d  t h a t  abou t  1 0 , 0 0 0  hour s  of  computer  
t i m e  would be  r e q u i r e d  f o r  t h i s  m i s s i o n .  Subsequent  A ~ o l l o  
f l i g h t s ,  and A A P  m i s s i o n s  i n v o l v i n g  l u n a r  l a n d i n g ,  c o u l d  t h e n  
u s e  t h i s  program as a base, and would r e q u i r e  l e s s  computer 
t i m e  for development .  S i m i l a r l y ,  o t h e r  A A P  m i s s i o n s  c o u l d  
b u i l d  on t h e  e a r t h  o r b i t a l  rendezvous  program deve loped  f o r  
AS-258. Af t e r  d i s c u s s i o n s  w i t h  PlSC and I B M ,  t h e  f o l l o w i n g  
" l e a r n i n g  cu rve"  was developed  by  t h e  a u t h o r s  : 

a .  Miss ions  t h a t  i n v o l v e  a s i g n i f i c a n t l y  n o v e l  hardware  
c o n f i g u r a t i o n  ( e . g . ,  t h e  o r b i t a l  workshop of  AAP-3/4) 
or o p e r a t i n g  environment  ( e . g . ,  h i g h - a l t i t u d e  e a r t h  
o r b i t )  would r e q u i r e  6000  h o u r s  o f  computer  t i m e  f o r  
program development .  The second m i s s i o n  o f  t h i s  t y p e  
would r e q u i r e  3000 h o u r s ,  and any subsequen t  m i s s i o n s  
would r e q u i r e  1 5 0 0  h o u r s .  

b .  Mis s ions  t h a t  were modera t e ly  s imi la r  i n  hardware  and 
envi ronment  to p r e v i o u s  ones would r e q u i r e  3000  hour s  
of computer t i m e  for t h e  f i r s t  m i s s i o n  and 1 5 0 0  hour s  
f o r  any subsequen t  o n e s .  

e .  Mis s ions  t h a t  were o n l y  s l i g h t l y  d i f f e r e n t  from p r e -  
v i o u s  ones  would r e q u i r e  1 5 0 0  hour s  o f  computer  t i m e  
f o r  each  m i s s i o n .  

Computer t ime  i s  not  expended a t  a un i fo rm r a t e  i n  t h e  
c o u r s e  o f  d e v e l o p i n g  a m i s s i o n  program. E a r l y  phases  a r e  c h a r -  
a c t e r i z e d  by s h o r t  computer  r u n s  w i t h  e x t e n s i v e  changes and 
c o r r e c t i o n s .  Later  r u n s  i n v o l v e  m o r e - t i m e  as l a r g e r  combina t ions  
o f  program segments  a r e  t e s t e d .  For  a t y p i c a l  m i s s i o n ,  computer  
u t i l i z a t i o n  i n c r e a s e s g r a d u a l l y  to a peak  j u s t  b e f o r e  program de- 
l i v e r y  ( n o r m a l l y  t n r e e  months p r i o r  t o  l a u n c h ) ,  t h e n  t a p e r s  o f f  
as f i n a l  r e v i s i o n s  and c o r r e c t i o n s  a r e  comple ted .  Al though,  i n  
a c t u a l  p r a c t i c e ,  r e s o u r c e  l i m i t a t i o n s  and m i s s i o n  p r i o r i t i e s  may 
c a u s e  s c h e d u l e  a d j u s t m e n t s  t o  b e  made, some s t a n d a r d  must b e  
a d o p t e d  f o r  p l a n n i n g  pu rposes .  
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Data p r o v i d e d  b y  MSC and IBM was u s e d  t o  d e f i n e  non- 
un i fo rm program development  r a t e s .  Then, f o r  e a c h  t y p e  o f  
m i s s i o n  c o n s i d e r e d  f o r  Apol lo  and AAP, a judgment  was made b y  
t h e  a u t h o r s  w i t h  r e g a r d  t o  which o f  t hese  r a t e s  was most 
a p p r o p r i a t e .  The ra tes  and t h e  a s s i g n m e n t  o f  m i s s i o n s  to t hem 
are  shown i n  T a b l e  4 .  The m i s s i o n  d e s i g n a t i o n  u s e d  i n  T a b l e  4 
i s  b a s e d  on F i g u r e  1, w i t h  m i s s i o n s  o f  t h e  same t y p e  g i v e n  
s e q u e n t i a l  s u f f i x  numbers (A-1, A-2, e t c . )  where needed .  

p e d i e n t  t o  d e a l  w i t h  numbers of computers  r a t h e r  t h a n  t h e  amount 
o f  computer  t i m e  needed  t o  accompl i sh  a t a s k .  The v a l u e s  i n  
T a b l e  4 were r e a d i l y  c o n v e r t e d  t o  numbers o f  computers  b y  assum- 
i n g  t h a t  e a c h  computer  c o u l d  be a v a i l a b l e  f o r  500 h o u r s  o f  
u s e f u l  o p e r a t i o n  e a c h  month.  T h i s  f i g u r e  a l l o w s  an  ample marg in  
f o r  p r e v e n t i v e  ma in tenance ,  unschedu led  down t i m e ,  r e r u n n i n ?  o f  
j o b s  as a r e s u l t  of computer  f a i l u r e s  o r  m a l f u n c t i o n s ,  and  accu -  
m u l a t e d  l o s t  t i m e  be tween j o b s .  

I n  v i e w i n g  t o t a l  RTCC r e q u i r e m e n t s ,  i t  was found ex-  

3 .4  O t h e r  Computer Requi rements  

I n  a d d i t i o n  t o  program development ,  r e q u i r e m e n t s  f o r  
computer  u t i l i z a t i o n  i n  any g i v e n  t i m e  p e r i o d  can  a r i s e  f rom 
o t h e r  s o u r c e s ,  as men t ioned  i n  t h e  Background s e c t i o n  o f  t h i s  
r e p o r t .  Based on d i s c u s s i o n s  w i t h  MSC and IBM, t h e  f o l l o w i n g  
a s s i g n m e n t  o f  computers  was assumed t o  meet t hese  r e q u i r e m e n t s :  

a .  

b .  

C .  

One computer  was a s s i g n e d  t o  f u l l - t i m e  s u p p o r t  o f  
a f l i g h t  i n  p r o g r e s s ,  f o r  t h e  maximum d u r a t i o n  o f  
t h e  f l i g h t .  ( F l i g h t  d u r a t i o n  was rounded up to t h e  
h a l f  month.  ) An a d d i t i o n a l  computer  was a s s i g n e d  
t o  dynamic s t a n d b y  s u p p o r t  d u r i n g  p a r t  o f  t h e  m i s -  
s i o n ;  t h i s  r e q u i r e m e n t  was e x p r e s s e d  as a f r a c t i o n a l  
computer  a s s i g n e d  for t h e  maximum d u r a t i o n  o f  t h e  
f l i g h t .  The f r a c t i o n  depended on t h e  l e n g t h  and  
t y p e  o f  m i s s i o n ,  and v a r i e d  be tween 0 . 1 0  and  0 . 6 7 .  

S i m u l a t i o n  and t r a i n i n g  o c c u p i e d  a 45-day p e r i o d  
p r i o r  t o  l a u n c h  and u s e d  a computer  0 . 7 5  o f  t h e  t i m e .  
T h i s  l e v e l ,  a l t h o u g h  somewhat h i g h e r  t h a n  would gen- 
e r a l l y  be  e x p e r i e n c e d  f o r  a s i n g l e  computer ,  i n c l u d e s  
a n  a l l o w a n c e  f o r  a dynamic s t a n d b y  computer  d u r i n g  
some p h a s e s  o f  t r a i n i n g  and  c h e c k o u t .  

Throughout  t h e  p e r i o d  c o v e r e d  by t h e  b a s e l i n e  s c h e d u l e s ,  
a n  a v e r a g e  o f  1 .33  computers  p e r  month would b e  ex-  
pended on o p e r a t i n g  s y s t e m  work, s t a t i s t i c s  g a t h e r i n g ,  
and  o t h e r  ove rhead  f u n c t i o n s .  T h i s  f i g u r e  may a t  
f i r s t  a p p e a r  t o  be h i g h ,  b u t  i t  must b e  remembered 
t h a t  t h e r e  i s  a c o n t i n u a l  e f f o r t  underway t o  improve 
t h e  o p e r a t i n g  sys t em s o  t h a t  t h e  c a p a b i l i t y  o f  a 360/75 
c a n  b e  r e a l i z e d  more f u l l y .  
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With t h e  s p e c i f i c  miss-on r e q u i r e m e n t s  d e t a i l e d  i n  t h e  
p r e v i o u s  s e c t i o n s  as a bas i s ,  t h e  number o f  computers  needed 
d u r i n g  e a c h  month cove red  by t h e  f i v e  b a s e l i n e  s c h e d u l e s  was de- 
t e r m i n e d .  The r e s u l t s ,  exp res sed  as t h e  number o f  360/75's 
r e q u i r e d ,  a re  p r e s e n t e d  i n  Table  5 .  

It can  b e  s e e n  from T a b l e  5 t h a t  t h e  RTCC r e q u i r e m e n t s  
r e a c h  peak  v a l u e s  d u r i n g  t h e  f i r s t  year  o f  e a c h  s c h e d u l e .  Sev- 
e r a l  f a c t o r s  c o n t r i b u t e  t o  t h e s e  p e a k s :  

a.  The unique  program development t i m e  a s s o c i a t e d  w i t h  
t h e  f i r s t  Apollo l u n a r  l a n d i n g  m i s s i o n  adds a heavy 
b ias  t o  RTCC a c t i v i t y ,  p a r t i c u l a r l y  toward  t h e  end 
o f  t h e  f i r s t  year .  

b .  Con t inu ing  program development f o r  t h e  J' m i s s i o n  o f  
F i g u r e  1 adds t o  t h e  computer r e q u i r e m e n t s  d u r i n g  t h e  
e a r l y  months o f  t h e  f i r s t  year .  

c .  Most o t h e r  m i s s i o n s  whose programs are unde r  
development d u r i n g  t h e  f i r s t  year  a r e  e i t h e r  f i r s t -  
of-a-kind o r  second-of-a-kind and t h e r e f o r e  i n v o l v e  
heavy computer r e q u i r e m e n t s .  

Although May of  t h e  f i r s t  y e a r  i s  a l o c a l  peak on a l l  
s c h e d u l e s ,  t h e  e a r l y  AAP m i s s i o n s  cause  h i g h e r  peaks  t o  o c c u r  
l a t e r  i n  t h e  y e a r  f o r  s c h e d u l e s  I1 and I V .  I n  a c t u a l  p r a c t i c e ,  
Of  c o u r s e ,  a t t e m p t s  would be  made t o  p l a n  t h e  program develop-  
ment f o r  v a r i o u s  m i s s i o n s  s o  t h a t  peaks  o f  t h i s  t y p e  c o u l d  b e  
r e d u c e d .  S i m i l a r l y ,  development o f  t h e  o p e r a t i n g  s y s t e m  and 
o t h e r  ove rhead  a c t i v i t i e s  would, as f a r  as p o s s i b l e ,  b e  d e f e r r e d  
t o  more c o n v e n i e n t  p e r i o d s .  

A s  a f i r s t  approx ima t ion  t o  t h e  e f f e c t  o f  p l a n n i n g  
program development t o  overcome p e a k s ,  t h e  a u t h o r s  assumed a 
u n i f o r m  development r a t e  f o r  each  m i s s i o n  program. S p e c i f i c a l l y ,  
a f i r s t - o f - a - k i n d  m i s s i o n  was assumed t o  r e q u i r e  a f u l l  computer  
f o r  1 2  months;  a modera t e ly  d i f f e r e n t  m i s s i o n ,  a f u l l  computer 
f o r  s i x  months;  and a s l i g h t l y  d i f f e r e n t  m i s s i o n ,  h a l f  a computer 
f o r  s i x  months.  The r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  6 .  I n  e v e r y  
s c h e d u l e ,  peak l o a d s  r e s u l t i n g  from u s i n g  these  f i g u r e s  were 
l o w e r  t h a n  t h o s e  p r e s e n t e d  i n  Tab le  5 .  T a b l e  7 summarizes t h e  
r e s u l t s  o b t a i n e d  from t h e s e  two approaches  t o  s a t i s f y i n g  t h e  
demands f o r  program development t ime.  It  can  b e  s e e n  from t h i s  
t a b l e  t h a t  by  r e a r r a n g i n g  t h e  program development  t asks  f o r  
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v a r i o u s  m i s s i o n s ,  l o c a l  peaks  can b e  r e d u c e d ,  and o v e r a l l  peak  
l o a d s  may o c c u r  a t  d i f f e r e n t  t imes.  While f l e x i b i l i t y  i n  
p l a n n i n g  may n o t  a l w a y s  be p o s s i b l e  t o  t h e  e x t e n t  d e s i r e d ,  a t  
l e a s t  some c a p a b i l i t y  i n  this r e g a r d  can  b e  e x p e c t e d .  

As s t a t e d  p r e v i o u s l y ,  t h e  p r e s e n t  complement o f  com- 
p u t e r s  a v a i l a b l e  f o r  R T C C  t a s k s  c o n s i s t s  of two models :  3 6 0 / 5 0 ' s  
and 3 6 0 / 7 5 ' s .  I n  o r d e r  to d e t e r m i n e  how w e l l  t h e s e  compute r s  can  
s a t i s f y  t h e  r e q u i r e m e n t s  of t h e  b a s e l i n e  s c h e d u l e s ,  i t  i s  n e c e s -  
sa ry  t o  make a judgment abou t  t h e  e q u i v a l e n c e  of  t h e s e  two models  
For b a t c h - t y p e  job-shop r u n s ,  a 360/75 may have as much as f i v e  
t i m e s  t h e  p r o c e s s i n g  speed  o f  a 3 6 0 / 5 0 .  ?>!any of t h e  RTCC r u n s ,  
however ,  i n v o l v e  l a r g e  amounts o f  i n p u t - o u t p u t  a c t i v i t y ;  e . g .  
e x t e n s i v e  p r i n t o u t s  a s s o c i a t e d  w i t h  c o r e  durrips. A s  a r e s u l t ,  t h e  
s p e e d  a d v a n t a g e s  o f  t h e  360/75 c a n n o t  b e  fully e x p l o i t e d .  A s  a 
s i m p l i f y i n g  a s s u m p t i o n ,  the two 3 6 0 / 5 0 ' s  now a v a i l a b l e  can  b e  
c o n s i d e r e d  e q u i v a l e n t  to one 360/75. T h i s  e q u i v a l e n c e  can  b e  
s t a t e d  a l t e r n a t i v e l y :  i f  t h e  two 3 6 0 / 5 0 1 s  Nere no  l o n g e r  a v a i l a -  
b l e ,  an a d d i t i o n a l  360/75 would be  n e c e s s a r y  to r e t a i n  t h e  
p r e s e n t  c a p a b i l i t y .  

I n  l i g h t  of t h i s  a s sumpt ion ,  t h e  d a t a  Fciven i n  Tables 
5 ,  6, and 7 can b e  employed t o  assess tli? c a p a b i l i t y  of t h e  
p r e s e n t  complement of  computers to s a t i s f y  t h e  r e q u i r e m e n t s  o f  
t h e  b a s e l i n e  s c h e d u l e s .  All s c h e d u l e s  demand more t h a n  f i v e  
computers  f o r  a p p r e c i a b l e  p e r c e n t a g e s  o f  t h e  t ime;  t h e r e f o r e  
t h e  f i v e  3 6 0 / 7 5 ' s  l o c a t e d  i n  t h e  R T C C  c o u l d  not, b y  t h e m s e l v e s  
s u p p o r t  t h e s e  s c h e d u l e s .  The two 3 6 0 / 5 0 ' s  a r e  used  l a r g e l y ,  
b u t  n o t  e x c l u s i v e l y ,  for R T C C  t asks .  I f  t h e s e  computers  c o u l d  
b e  u s e d  when needed ,  t h e  e q u i v a l e n t  of s i x  360/75's would b e  
a v a i l a b l e .  With r e f e r e n c e  t o  t h e  da ta  s i v e n  i n  Table 5 ,  I t  i s  
r e a s o n a b l e  t o  assume t h a t  t h e  program development  work r e q u i r e d  
d u r i n g  t h e  f i r s t  year  of  s c h e d u l e  I cou ld  be r e a r r a n g e d  t o  
f l a t t e n  t h e  peak  l o a d  i n  A p r i l  and May, s o  t h a t  s i x  3 6 0 / 7 5 ' s  
would b e  s u f f i c i e n t .  The l o c a l  peaks  o f  s c h e d u l e s  I11 and V 
c o u l d  a l s o  b e  f l a t t e n e d  i n  t h i s  manner;  t h e s e  p e a k s ,  however ,  
are b r o a d  enough, p a r t i c u l a r l y  i n  t h e  second  y e a r ,  t o  make 
one more computer  h i g h l y  d e s i r a b l e ,  a t  l e a s t  f o r  s c h e d u l e  111. 
S c h e d u l e s  I1 and I V  show t h e  h i g h e s t  and b r o a d e s t  peak l o a d s ,  
and would r e q u i r e  one computer above t h e  p r e s e n t  complement and 
modera t e  r e a r r a n g i n g  o f  program development  t a s k s  t o  p r o v i d e  
s u f f i c i e n t  c a p a b i l i t y  t o  meet t h e s e  demands. 

It i s  of  i n t e r e s t  t o  n o t e  t h a t  s c h e d u l e s  I1 and I V  
show seve ra l  months of heavy r e q u i r e m e n t s  d u r i n g  t h e  f o u r t h  
y e a r ,  A c t u a l l y ,  t h e  t o t a l  r e q u i r e m e n t s  d u r i n g  t h i s  y e a r  may 
b e  a p p r e c i a b l y  g r e a t e r  t h a n  shown i n  t h i s  ana lys i s  b e c a u s e  
w h a t e v e r  p r o j e c t s  are  t o  f o l l o w  Apol lo  and AAP would b e g i n  t o  
demand computer  t i m e  d u r i n g  t h i s  p e r i o d .  E s t i m a t i o n  o f  s u c h  
p r o j e c t s ,  however,  was deemed t o  b e  beyond t h e  scope  of t h e  
p r e s e n t  a n a l y s i s ,  and no f u r t h e r  c o n s i d e r a t i o n  was g i v e n  t o  
t h i s  a s p e c t  o f  t h e  problem. 
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4.0 ANALYSIS OF GSSC COMPUTER REQUIREMENTS 

The number o f  GSSC's r e q u i r e d  t o  s u p p o r t  a p a r t i c u l a r  
s c h e d u l e  i s  i n f l u e n c e d  b y :  t h e  a b i l i t y  o f  a 360/75 t o  s i m u l a t e  
a m i s s i o n ;  t h e  number o f  s imul t aneous  t r a i n i n g  e x e r c i s e s  imposed 
by t h e  s c h e d u l e ;  and t h e  computer t i m e  r e q u i r e d  t o  d e v e l o p ,  t e s t ,  
and u s e  t h e  GSSC programs.  

4 . 1  C a p a b i l i t y  o f  t h e  360/75 

The t o t a l  GSSC program c o n s i s t s  o f  ma themat i ca l  models ,  
which s i m u l a t e  ground sys tems and s p a c e  v e h i c l e s ,  and c o n t r o l  
programs.  Each model and program u t i l i z e s  a c e r t a i n  p e r c e n t a g e  
o f  a v a i l a b l e  C P U  t i m e .  I f ,  w i t h i n  an i n t e r v a l  o f  t ime ,  t h e  t o t a l  
t i m e  u sed  by t h e  programs exceeds  t h e  t ime  a v a i l a b l e ,  s i m u l a t i o n  
o u t p u t s  w i l l  g e t  d e l a y e d  or s u p p r e s s e d  t h u s  a f f e c t i n g  t h e  r e a l i t y  
o f  t h e  t r a i n i n g  e x e r c i s e  i n  p r o g r e s s .  Throughout Gemini a s i n g l e  
I B M  7094  was able t o  pe r fo rm t h e  GSSC f u n c t i o n .  T r a i n i n g  f o r  t h e  
e a r l y  Apol lo  m i s s i o n s ,  p r i o r  t o  r ep lacemen t  o f  t h e  7 0 9 4 ' s  by  
360 /75 ' s ,  r e q u i r e d  s u p p o r t  from two GSSC computers  p r i m a r i l y  
b e c a u s e  of t h e  i n c r e a s e d  complexi ty  o f  t h e  m a t h e m a t i c a l  models 
i n v o l v e d .  I n t r o d u c t i o n  o f  t h e  360/75 e n a b l e d  NASA t o  pe r fo rm 
t h e  GSSC f u n c t i o n  f o r  Apollo m i s s i o n s  w i t h  a s i n g l e  computer .  

A q u e s t i o n  a r i ses  as t o  t he  v i a b i l i t y  o f  s ing le -compute r  
s u p p o r t  i n  t h e  f a c e  o f  fo r thcoming  AAP m i s s i o n s .  The answer t o  
t h i s  q u e s t i o n  can b e  de t e rmined  from an a n a l y s i s  o f  GSSC C P U  
l o a d i n g  e s t i m a t e s  as shown i n  T a b l e  8. The es t imates  f o r  t h o s e  
programs marked w i t h  an  a s t e r i s k  are  b a s e d  on a c t u a l  measurements 
made by I B M  on Apol lo  programs under  deve lopment .  The 
es t imates  for programs w i t h  doub le  a s t e r i sks  are  t h e  a u t h o r s ' ,  
and are based on comparisons between Apol lo  s p a c e  modules and 
AAP modules .  

B a s i c a l l y  t h e  a n a l y s i s  f o r  any one m i s s i o n  c o n s i s t s  o f  
d e t e r m i n i n g  which programs a r e  used  f o r  t h e  m i s s i o n  and t h e n  
summing t h e i r  CPU u t i l i z a t i o n  t imes .  I n  d o i n g  s o ,  however,  two 
f a c t o r s  must be c o n s i d e r e d :  t h e  C P U  t i m e  r e q u i r e d  f o r  program 
swapping;  and a r e d u c t i o n  f a c t o r  t o  accoun t  f o r  t h e  f a c t  t h a t  
n o t  a l l  o f  t h e  programs a re  u t i l i z e d  d u r i n g  an i n t e r v a l  o f  t i m e .  
A c t u a l  measurements on Apollo GSSC programs show t h a t  t h e  combined 
r e s u l t  o f  t h e  two f a c t o r s  r educes  t h e  a c t u a l  CPU u t i l i z a t i o n  t o  
85% of  t h e  sum of t h e  i n d i v i d u a l  program C P U  u t i l i z a t i o n s .  For 
example ,  if t h e  CPU u t i l i z a t i o n s  f o r  t h o s e  programs used  i n  a 
S a t u r n  I - B  CSM l a u n c h  s i m u l a t i o n  are summed, t h e  r e s u l t  i s  1 0 1 %  
( s e e  T a b l e  9 ) .  However, a c t u a l  GPSS* measurements  i n d i c a t e  a peak 
l o a d i n g  of 85%,  approx ima te ly  a 15% r e d u c t i o n .  T h i s  r e d u c t i o n  
f a c t o r  w i l l  b e  u sed  i n  t h e  AAP a n a l y s i s  a l t h o u g h  the re  i s  no gua r -  
a n t e e  t h a t  i t  w i l l  remain c o n s t a n t  f o r  a l l  GSSC programs.  

*GPSS - Genera l  Purpose Systems S i m u l a t o r :  a computer  p r o -  
gram used  b y  I B M  t o  p r e d i c t  r u n n i n g  times f o r  RTCC and GSSC 
programs.  
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It i s  n3w p o s s i h l e  t o  c o n s i d e r  so iw worst c a s e  s i t u a -  
t i o n s ,  a l l  o f  which a r i s e  d u r j n g  t h e  AA? c l u s t e r  nnri-ssion. 

Case 1: A A P - 3  i , . ,dnch 

The program; u s e d  for a n  ,"AP-3 1au: ich a r e  shown 
i n  T a b l e  10. I n  t h i s  c a s e  a manned C;;p' i s  lqunched  
t o  r endezvous  v~i f 5 tkie 01 '  , i t i n r  I,l'd/A7.1; t h e  ITT,'S-MDA- 
AM i s  i n  a n o t h e r  , 3 r b ' L .  :he total ?Pi ,  l ~ t i l i z a t i o n ,  
as d e t e r m i n e d  b y  s t r - '  ai ':~t a d d i t i o n ,  i :  131%: a f t e r  
a p p l y i n g  t h e  15Y r e d i i c i L > i  f a c t o r ,  t r i i  loadin? i s  
~ 1 1 1 % ~  which i n c i i c a t c s  3 computer  o v e r l o a d .  

However, a sli . l i t  rornise i n  i r a - i i n l n  - p o l i c y  
c a n  a l l e v i a t e  t k l i 3  ~ ' - 1  e 

model a c c o u n t 2  lor - 1 t l i t  o f  t h e  1 3 1 , )  PTI l o a d i n p .  
T h i s  model i s  11 2 1  1 2 ,  /'(de t 7' i , iLn  - f \I' t 5 -  f l i p h t  
c o n t r o l l e r  a b o a r d  t i n , . r t , i o a  r ' i iL i .  I t  :s r io t ,  how- 
e v e r ,  imperative f o ti-aiil d u r l , i  - x l a u n c h  fh i ch  
leads  to a r e n d r z v o u s  * h e  i s  n o t  involvecl i n  con- 
t r o l l i n g  t h e  r endezvour  . c o u l f l ,  f 'or  ( xainn1-3, b e  
t r a i n e d  dur inc ;  ti?.-. S A P - j i  i c i m c i l  P Y  y r  ,rh;ch i s  l e s s  
demanding of  GFSC t irite. 'his ;f 1-3 r voiil t i  n e r m i t  
r emoval  o f  t h e  s i l i o  model f ' rori  t l - c  1 qP-3 s i r n u l a t i o n  
and  b r i n z  t h e  CPU utiiizatiqn d n ~ w  + '96%*, a h i g h  
b u t  a c c e p t a b l e  f i  - u m .  I n  a d d i t  i 3 r l ,  I ]< ' re  r-av b e  one  
o t h e r  m i t i g a t i K  factor. If, a -  S L J  ~ - t  -.d ' n  t ' ie  
e a r l i e r  d i s c u s s i o n  o f  t h e  FTCC, t h t >  ' 1  lL:-14rlA-AD? i s  s h u t  
o f f  d u r i n g  t h e  l a u n c h  2f PPiP-3,  thcl-1 t;ie f i y u r e  i s  
f u r t h e r  r e d u c e d  to ~77'7**. 

Case 2 :  AAP-?/'li  Rendez , O U S  W i L h  ' A 1  - I ,  0 

The proprams used  L l l  t l l is  C S S ~  are shown i n  
T a b l e  11. The i n s e r t i o n  s h i p  model i s  n o t  i n c l u d e d  
s i n c e  t h e  s h i n  uerf'orms ' 1 0  i ' unc t i  i 1 1 1 1 1 ~ i i i ~ -  this 
p a r t  o f  t h e  mission. The Saturn  1E I 9d?l.> z r e  n o t  
i n c l u d e d ,  s i n c e  t h e  launch vekl ic les  rlaLd no  r o l e  
i n  t h e  r e n d e z v o u s .  

The sum of i n d i v i d u a l  CPU u t i 1 ; : a t i o n s  i s  9 5 % ;  
a p p l y i n g  t h e  r e d u c t i o n  factor i t  becomes ~ 8 1 %  , 
which  i s  a n  ace-171 able f'i ' u i ~ .  

J u d g i n g  fraorn tilt'se cases i t  i s  c o n c l u d e d  t h a t  a s i n g l e  
360 /75  c a n  s u p p o r t  the  niost complex A A P  t r a i n i n g  e x e r c i s e ,  if 
t h e  i n s e r t i o n  s h i p  model is removed from t h e  A A P - 3  l a u n c h  simu- 
l a t i o n .  
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4 . 2  GSSC R e l i a b i l i t y  

t h e  GSSC as t h e y  are  f o r  t h e  R T C C  c o m p u t e r s .  
s c h e d u l e s  may s l i p - - b u t  i n  g e n e r a l  t h e r e  w i l l  b e  no  d a n g e r  t o  
human l i f e .  Hence t h e  c o n c e p t  of a dynamic s t a n d b y  has n e v e r  
b e e n ,  and  i s  n o t  p l a n n e d  t o  b e ,  u s e d  i n  t h e  GSSC. 
heavy s u p p o r t  l e v e l s  i t  would be e x t r e m e l y  u s e f u l  t o  h a v e  two 
compute r s  t h a t  can  p e r f o r m  t h e  GSSC f u n c t i o n .  I f  one f a i l s  t h e  
o t h e r  c a n  b e  b r o u g h t  on l i n e  t o  a v o i d  undue d e l a y  i n  t r a i n i n g  
e x e r c i s e s  and  program development .  
Gemini ,  s i n c e  a l l  f i v e  7 0 9 4 ' s  were i n  one room and  c o u l d  b e  
u s e d  i n t e r c h a n g e a b l y  as GSSC o r  RTCC c o m p u t e r s . )  Also two 
GSSC's would f a c i l i t a t e  s u p p o r t  o f  s i m u l t a n e o u s  t r a i n i n g  a c t i v -  
i t i e s  i f  r e q u i r e d  b y  a p a r t i c u l a r  s c h e d u l e .  

R e l i a b i l i t y  c o n s i d e r a t i o n s  a re  n o t  as p r e s s i n g  f o r  
If a GSSC f a i l s ,  

However f o r  

( T h i s  was p o s s i b l e  i n  

The  p r e s e n t  s e t u p  p r e c l u d e s  t h i s .  PA backup c a p a b i l i t y  
c a n  o n l y  be  a c h i e v e d  i f  a n o t h e r  360/75 i s  b r o u g h t  i n t o  b u i l d i n g  
4 2 2  or i f  t h e  GSSC f u n c t i o n  i s  b r o u g h t  back  to b u i l d i n g  3 0 .  

4 .3  GSSC Program Development 

The development  of  programs f o r  t h e  GSSC f o l l o w s  much 
t h e  same c o u r s e  as t h a t  f o r  t h e  R T C C ,  and  many o f  t h e  p o i n t s  
p r e s e n t e d  f o r  t h e  RTCC a p p l y  t o  t h e  GSSC as w e l l .  Based on d i s -  
c u s s i o n s  w i t h  MSC p e r s o n n e l ,  t h e  f o l l o w i n g  a s s u m p t i o n s  were made 
t o  assess t h e  computer  r e q u i r e m e n t s  f o r  GSSC program d e v e l o p m e n t :  

a .  

b .  

C .  

Program development  s t a r t s  e i g h t  months b e f o r e  
l a u n c h .  

The f i r s t  t h r e e  months o f  program development  i n -  
v o l v e  m o s t l y  job-shop work on 3 6 0 / 5 0 ' s .  The 
360 /75 ' s  c o u l d  a l s o  be u s e d  i f  t i m e  i s  a v a i l a b l e  
on them. For f i r s t - o f - a - k i n d  m i s s i o n s  ( v i z .  , A-1, 
C - 1 ,  F-1, H ,  and I i n  F i g u r e  l), t h e  computer  t i m e  
r e q u i r e d  i s  e q u i v a l e n t  t o  2 5 ,  5 0 ,  and  75  h o u r s  p e r  
month on a 360/75. Other m i s s i o n s  r e q u i r e  h a l f  
t h e s e  v a l u e s  f o r  each  month.  

The n e x t  two months r e q u i r e  t h e  u s e  o f  t h e  360/75 
i n  B u i l d i n g  4 2 2 .  
t h e  u t i l i z a t i o n  r a t e  i s  275 and  2 2 5  h o u r s  p e r  month 
d u r i n g  t h i s  p e r i o d .  O t h e r  m i s s i o n s  r e q u i r e  h a l f  
t hese  v a l u e s  f o r  each  month.  

For f i r s t - o f - a - k i n d  m i s s i o n s ,  

These  r e q u i r e m e n t s  were c o n v e r t e d  f rom h o u r s  p e r  month 
t o  t h e  number of computers  by assuming,  as w i t h  t h e  R T C C ,  t h a t  
e a c h  computer  would be a v a i l a b l e  500 h o u r s  p e r  month.  
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4 . 4  O t h e r  Computer Requirements 

The GSSC i s  u t i l i z e d  e x t e n s i v e l y  b e f o r e  l aunch  f o r  
sys t em t e s t  and v a l i d a t i o n ,  and f o r  t r a i n i n g .  Y S C  e x p e r i e n c e  
shows t h a t  a 360/75 i s  needed abou t  h a l f t i m e  d u r i n g  t h e  t h ree -  
month p e r i o d  j u s t  p r i o r  to l aunch ,  and t h i s  u t i l i z a t i o n  r a t e  
was assumed i n  t h e  a n a l y s i s .  S i n c e  t h e  GSSC u s e s  t h e  same RTOS 
a s  t h e  R T C C ,  no  a d d i t i o n a l  computer t ime  need  be a l l o c a t e d  for 
develonment on t h e  R T O S .  

4.5 R e s u l t s  of  A n a l y s i s  

The G S S C  r e q u i r e m e n t s  for e a c h  b a s e l i n e  s c h e d u l e  were 
de t e rmined  on a month-by-month b a s i s .  The r e s u l t s  a r e  p r e s e n t e d  
i n  T a b l e  1 2  as t h e  t o t a l  number o f  e q u i v a l e n t  360/75 ' s  r e q u i r e d  
f o r  GSSC t a s k s .  

A s  w i t h  t h e  RTCC r e q u i r e m e n t s ,  some p l a n n i n g  o f  pro-  
gram development a c t i v i t i e s  may be  e x p e c t e d  t o  r e d u c e  l o c a l  
peaks  i n  t h e  s c h e d u l e ,  i f  n e c e s s a r y .  A s  a f i r s t  approx ima t ion  
of  t h e  e f f e c t  o f  such  p l a n n i n g ,  a "uni form" development  r a t e  
was assumed by t h e  a u t h o r s ,  a s  f o l l o w s :  

a.  The f i r s t  t h r e e  months of  program development  
f o r  a f i r s t - o f - a - k i n d  m i s s i o n  u s e  computer  t i m e  
e q u i v a l e n t  t o  50 hours  p e r  month on a 360/75 .  
O t h e r  m i s s i o n s  use  25 h o u r s  p e r  month. 

b .  The n e x t  two months r e q u i r e  250 h o u r s  p e r  month 
o f  360/75 t i m e  f o r  a f i r s t - o f - a - k i n d  m i s s i o n ,  
and 1 2 5  h o u r s  p e r  month f o r  o t h e r  m i s s i o n s .  

The r e s u l t s  o b t a i n e d  b y  u s i n g  t h e s e  v a l u e s  are p r e -  
s e n t e d  i n  Table  1 3  and summarized, a l o n g  w i t h  t h e  r e s u l t s  o f  
T a b l e  1 2 ,  i n  T a b l e  1 4 .  By comparing c o r r e s p o n d i n g  f i g u r e s  i n  
Tab le s  1 2  and 1 3 ,  i t  can  b e  s e e n  t h a t  t h e  r e q u i r e m e n t s  a r e  n o t  
a f f e c t e d  a s  much by t h e  assumed development  ra tes  as t h e y  were 
i n  t h e  c a s e  of t h e  RTCC.  T h i s  d i f f e r e n c e  a r i s e s  p r i m a r i l y  
from t h e  f a c t  t h a t  even  t h e  un i fo rm ra tes  assumed i n  t h e  ana ly -  
s i s  a c t u a l l y  c o n s i s t  o f  two r a t e s ,  one f o r  t h e  f i r s t  t h r e e  
months and t h e  o t h e r  f o r  t h e  n e x t  two months.  Fu r the rmore ,  t h e  
month-by-month v a r i a t i o n  i n  t h e  development  r a t e  i s  n o t  as g r e a t  
f o r  t h e  GSSC as f o r  t h e  RTCC, and does  n o t  e x t e n d  o v e r  as l o n g  
a p e r i o d .  

A l l  s c h e d u l e s  demand more t h a n  one computer  f o r  l a r g e  
p e r c e n t a g e s  o f  t h e  t i m e ;  t h e r e f o r e ,  t h e  one 360/75 now l o c a t e d  
i n  t h e  SCATS area c o u l d  n o t ,  by i t s e l f ,  s u p p o r t  t h e s e  s c h e d u l e s .  
P a r t - t i m e  usage  o f  t h e  360/50's and,  i f  a v a i l a b l e ,  t h e  RTCC 
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360/75 ' s  c o u l d  i n c r e a s e  t h e  GSSC c a p a b i l i t y  t o  t h e  e q u i v a l e n t  
o f  1 . 5  36O/75's and would s a t i s f y  t h e  needs  of  s c h e d u l e s  I and 
V ,  w i t h  minor  r ea r r angemen t  o f  t a s k s  i n  t h e  l a t t e r .  T h e  o t h e r  
s c h e d u l e s  r e q u i r e  a much g r e a t e r  i n c r e a s e  i n  GSSC c a p a b i l i t y ,  
e i t h e r  b y  more e x t e n s i v e  usage of  t h e  360/50 's  o r  t h e  R T C C  
3 6 0 / 7 5 ' s ,  or b y  t h e  i n s t a l l a t i o n  o f  a n o t h e r  360/75 f o r  GSSC 
a p p l i c a t i o n s .  

5 . 0  COMBINED RTCC - GSSC COMPUTER REQUIREMENTS 

A s  s t a t e d  p r e v i o u s l y ,  t h e  360/75 u s e d  f o r  t h e  GSSC i s  
p h y s i c a l l y  removed from t h e  360/75 ' s  i n  t h e  R T C C .  T h i s  f a c t  
somewhat c o m p l i c a t e s  t h e  a n a l y s i s  b e c a u s e  i t  p r e v e n t s  an un re -  
s t r i c t e d  p o o l i n g  of  r e s o u r c e s  t o  meet t h e  combined needs  o f  t h e  
R T C C  and t h e  GSSC. On t h e  o t h e r  hand ,  b o t h  t h e  R T C C  and t h e  
GSSC make u s e  o f  t h e  360/501s ,  and t h e  GSSC i s  ab le  t o  u s e  j o b -  
shop  t i m e  on t h e  360/75 's  when a v a i l a b l e .  It i s  a l s o  p o s s i b l e  
t h a t  t h e r e  w i l l  be  a c l o s e r  i n t e g r a t i o n  of  t h e  GSSC w i t h  t h e  
R T C C ,  p a r t i c u l a r l y  i f  any major  e x p a n s i o n  o f  f a c i l i t i e s  o c c u r s  , 
as would b e  r e q u i r e d  t o  s u p p o r t  s c h e d u l e s  I1 and I V .  P o o l i n g  
would t h e n  be  e a s i e r  t o  r e a l i z e .  For p l a n n i n g  p u r p o s e s ,  t h e r e -  
f o r e ,  i t  i s  u s e f u l  t o  combine t h e  r e q u i r e m e n t s  o f  t h e  GSSC w i t h  
t h o s e  o f  t h e  RTCC.  Tab le  1 5  r e p r e s e n t s  such  r e s u l t s  f o r  non- 
un i fo rm development  r a t e s ,  and T a b l e  1 6  f o r  u n i f o r m  development 
r a t e s .  T a b l e  1 7  summarizes t h e  r e s u l t s  f o r  b o t h  development  
r a t e s .  

Besides r a i s i n g  t h e  g e n e r a l  l e v e l  of computer  r e q u i r e -  
men t s ,  t h e  a d d i t i o n  of  t h e  GSSC tasks  c a u s e s  t h e  peak  l o a d s  f o r  
s c h e d u l e s  I11 and V t o  be s h i f t e d  t o  t h e  second y e a r ,  when f l i g h t s  
of  Apo l lo  and A A P  m i s s i o n s  beg in  t o  mix. S c h e d u l e s  I and V c o u l d  
b e  hand led  by t h e  p r e s e n t  combined complement o f  computers  ( 6  
360 /75 ' s  and 2 360 /50 ' s )  w i t h  some r e a r r a n g i n g  o f  program develop-  
ment t asks  around t h e  l o c a l  p e a k s .  Somewhat more e x t e n s i v e  
r e a r r a n g i n g  would a l s o  b r i n g  s c h e d u l e  I11 w i t h i n  p r e s e n t  capa- 
b i l i t y .  With one a d d i t i o n a l  36O/75, most of  t h e  demands of  
s c h e d u l e  I1 and I V  c o u l d  be  r e a d i l y  s a t i s f i e d ;  however,  c o n s i d e r -  
a b l e  r e a r r a n g i n g  of  program development  tasks  and e x t e n s i v e  
p o o l i n g  o f  GSSC r e q u i r e m e n t s  w i t h i n  t h e  RTCC would b e  n e c e s s a r y  
t o  meet t h e  peak l o a d  c o n d i t i o n s  of  t h e s e  s c h e d u l e s .  

6 .0  SUMMARY AND CONCLUSIONS 

The number of computers r e q u i r e d  f o r  t h e  RTCC and t h e  
GSSC was a n a l y z e d  f o r  v a r i o u s  s c h e d u l e  d e n s i t i e s .  The a n a l y s i s  
was based  on t h e  premises t h a t  a s i n g l e  360/75 can  p r o v i d e  r e a l  
t i m e  s u p p o r t  for t h e  most complex m i s s i o n  e n v i s i o n e d  and t h a t  a 
s i n g l e  360/75 can  p r o v i d e  t h e  GSSC f u n c t i o n  f o r  t h e  m i s s i o n .  
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These  p remises  a r e  v a l i d  i f  c e r t a i n  changes i n  p r e s e n t  f l i g h t  
s u p p o r t  p h i l o s o p h y  a r e  made. 
w i l l  have  t o  be  r educed  by a combina t ion  of  d e c r e a s i n s  t h e  num- 
b e r  of  p a r a m e t e r s  t o  b e  p r o c e s s e d  i n  r e a l  t i m e ,  i n c r e a s i n g  t h e  
t i m e  between t e l e m e t r y  u p d a t e s ,  and s u p p r e s s i n g  o r  d e l a y i n g  
n o n e s s e n t i a l  t e lemet ry  t r a n s m i s s i o n s .  Fo r  t h e  GSSC, i t  may be 
n e c e s s a r y  t o  e l i m i n a t e  o r  defer  c e r t a i n  a s p e c t s  o f  t r a i n i n g  
r e l a t i n g  t o  i n s e r t i o n  s h i p  f l i g h t  c o n t r o l l e r s .  It was conc luded  
t h a t  t h e s e  changes can be  mnde w i t h o u t  s e r i o u s l y  a f f e c t i n g  t h e  
m i s s i o n  c o n t r o l  fu . . i c t ion .  If t h e  p r e s e n t  o p e r a t i n g  p h i l o s o p h y  
i s  n o t  changed,  t h e r e  cou ld  be a l a rge  i n c r e a s e  i n  tne number o f  
r e q u i r e d  computers .  

For  t h e  R T C C ,  t e l e m e t r y  p r o c e s s i n g  

During t h e  s t u d y  o t h e r  c o n f i g u r a t i o n s  and modes of 
o p e r a t i o n  were c o n s i d e r e d ,  b u t  l a c k  o f  t i m e  p r e c l u d e d  t h e i r  
d e t a i l e d  a n a l y s i s .  Hence, t h e  ma jo r  c o n c l u s i o n s  of t h e  s t u d y  
a re  p r e s e n t e d  i n  two p a r t s :  augmen ta t ion  r e q u i r e m e n t s  f o r  t h e  
v a r i o u s  s c h e d u l e s ,  assuming a s t a n d - a l o n e  mode o f  o p e r a t i o n ;  
and ,  s u g g e s t e d  areas f o r  f u r t h e r  s t u d y .  

6.1 RTCC-GSSC Augmentation Requirements  

T h e r e  are  t h r e e  major  f a c t o r s  which d e t e r m i n e  t h e  
number o f  computers  needed i n  t h e  R T C C :  program development  
t i m e  p e r  m i s s i o n ;  r e l i a b i l i t y  g o a l s ;  and t h e  number o f  s imul -  
t a n e o u s  a c t i v i t i e s  which must b e  s u p p o r t e d .  

The re  a re  p r e s e n t l y  f i v e  360/75's i n  t h e  R T C C ,  one 
i n  t h e  SCATS area,  and two 360/50's l o c a t e d  o f f - l i n e .  These  
computers  p r o v i d e  a d e q u a t e  s u p p o r t  f o r  s c h e d u l e  I ,  an 
Apol lo-only  s c h e d u l e  w i t h  two-month l aunch  c e n t e r s .  They w i l l  
a l s o  p r o v i d e  s u p p o r t  f o r  s c h e d u l e  V--an Apol lo  s c h e d u l e  w i t h  
th ree-month  l a u n c h  c e n t e r s  i n t e r l e a v e d  w i t h  a " l i g h t "  AAP 
s c h e d u l e - - s u b j e c t  t o  one r e s t r i c t i o n :  i f  two c r i t i c a l  phases 
o c c u r  s i m u l t a n e o u s l y ,  i t  may b e  n e c e s s a r y  t o  d e f e r  s u p p o r t  o f  
a t h i r d  ma jo r  a c t i v i t y "  u n t i l  c o m p l e t i o n  of  t h e  c r i t i c a l  
s u p p o r t  p e r i o d .  T h i s  c o n d i t i o n ,  which a r i s e s  from t h e  l i m i t e d  
number o f  computers  w i t h  RTCC i n t e r f a c e s ,  i s  n o t  deemed t o  b e  
e x c e s s i v e l y  r e s t r i c t i v e  i n  t h e  c a s e  o f  s c h e d u l e  V. 

If t h e  number o f  m i s s i o n s  p e r  y e a r  were t o  i n c r e a s e  
as e p i t o m i z e d  b y  s c h e d u l e  111, a n o t h e r  computer  would b e  
d e s i r a b l e  f o r  RTCC program development and a t  t i m e s  a n o t h e r  
GSSC would b e  needed  f o r  t h e  s u p p o r t  o f  s i m u l t a n e o u s  t r a i n i n g  
e x e r c i s e s .  

One way t o  accompl ish  t h i s  i s  t o  l o c a t e  a n  a d d i t i o n a l  
computer  i n  t h e  SCATS a r e a  b u t  g i v e  i t  s u f f i c i e n t  i n t e r f a c e s  s o  
t h a t  i t  can  b e  used  for R T C C  program development .  I n  t h i s  

*For example:  t r a i n i n g ,  pad  s u p p o r t ,  network t e s t i n g .  
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manner,  one more 360/75 w i l l  e n a b l e  t h e  MCC-H t o  s u p p o r t  an 
Apol lo  s c h e d u l e  w i t h  two-month l aunch  c e n t e r s  i n t e r l e a v e d  w i t h  
a " l i g h t "  A A P  s c h e d u l e  s u b j e c t  to t h e  same l i m i t a t i o n  s t a t e d  
p r e v i o u s l y .  T h i s  l i m i t a t i o n  i s  n o t  e x c e s s i v e l y  r e s t r i c t i v e  f o r  
s c h e d u l e  111. 

To remove t h e  l i m i t a t i o n ,  as would be  d e s i r a b l e  f o r  
s u p p o r t i n g  t h e  f i r s t  t h r e e  y e a r s  of s c h e d u l e s  I1 and I V ,  i t  
would b e  s u f f i c i e n t  t o  r e p l a c e  t h e  two o f f - l i n e  360/50's w i t h  
a 360 /75  and p u t  i f  i n  t h e  R T C C .  
b e  used  f o r  program development and ,  when needed ,  f o r  m i s s i o n  
s u p p o r t ,  t h u s  p r o v i d i n g  t h e  c o n t r o l  c e n t e r  w i t h  t h e  c a p a b i l i t y  
o f  s u p p o r t i n g  two c r i t i c a l  phases  and a ma jo r  a c t i v i t y  
s i m u l t a n e o u s l y .  T h i s  approach would r e q u i r e  some m o d i f i c a t i o n  
o f  f a c i l i t i e s  s i n c e  t h e  p r e s e n t  RTCC computer  room may n o t  be 
a b l e  t o  accommodate s i x  3 6 0 / 7 5 ' s .  

The s i x t h  RTCC computer c o u l d  

Thus,  e i g h t  360/75 's--s ix  i n  t h e  R T C C  and  two i n  t h e  
SCATS a rea - -cou ld  h a n d l e  t h e  most demanding s c h e d u l e s  a n a l y z e d  
i n  t h e  s t u d y ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of  t h e  f o u r t h  yea r  o f  
s c h e d u l e s  I1 and I V .  The number of  computers  r e q u i r e d  t h e n  
canno t  b e  f u l l y  d e t e r m i n e d  s i n c e  it depends on program develop-  
ment needs f o r  t h e  f i f t h  y e a r ,  a f a c t o r  t h a t  w a s  n o t  e s t i m a t e d  
i n  t h e  s t u d y .  

6 . 2  Areas f o r  F u r t h e r  Study 

The s t a n d - a l o n e  approach i s  i n  many ways i n e f f i c i e n t .  
An e n t i r e  computer  i s  t i e d  up i n  a m i s s i o n ,  even  d u r i n g  p e r i o d s  
of low a c t i v i t y .  The re  i s  no g r a c e f u l  way of  h a n d l i n g  o v e r l o a d  
c o n d i t i o n s  such  as might  b e  p o s s i b l e  i f  a m u l t i p r o c e s s i n g ,  l o a d -  
s h a r i n g  sys t em were used .  The l a r g e  program s i z e s  l e a d  to i n -  
c r e a s e d  ove rhead  due  t o  program swapping and more checkout  t i m e  
f o r  t h e  programs.  C P U  u t i l i z a t i o n  d u r i n g  t h e  r e a l  t i m e  program 
checkout  i s  n e c e s s a r i l y  low s i n c e  much of  t h e  t i m e  i s  s p e n t  
w a i t i n g  f o r  i n p u t - o u t p u t  o p e r a t i o n s .  

S e v e r a l  approaches  t o  improving  computer  u t i l i z a t i o n  
d e s e r v e  f u r t h e r  s t u d y .  It i s  p o s s i b l e  t o  r e a r r a n g e  t h e  p ro -  
c e s s i n g  t a s k s  t o  s u p p o r t  a m i s s i o n  s o  t h a t  one computer ,  or more 
i f  n e c e s s a r y ,  h a n d l e s  t h e  t e l e m e t r y  d a t a  f o r  a l l  s i m u l t a n e o u s  
m i s s i o n s  w h i l e  a n o t h e r  computer p r o c e s s e s  t r a j e c t o r y  da ta .  
The r e s u l t s  o f  a MITRE s t u d y  ( * )  i n d i c a t e  t h a t  t h e r e  a r e  PO-  
t e n t i a l  a d v a n t a g e s  i n  t h i s  " f u n c t i o n a l "  approach ,  p a r t i c u l a r l y  
f o r  heavy s c h e d u l e s .  F u t u r e  s t u d i e s  s h o u l d  i n v e s t i g a t e  t h e  
f u n c t i o n a l  approach  i n  more d e t a i l  f rom t h e  s t a n d p o i n t s  o f  
methods of i m p l e m e n t a t i o n ,  CPU u t i l i z a t i o n ,  memory r e q u i r e m e n t s ,  
r e l i a b i l i t y  ( s t a n d b y )  c r i t e r i a ,  and s imi l a r  a r e a s  o f  conce rn .  
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I n  a m u l t i p r o c e s s i n g  env i ronmen t ,  s e v e r a l  p r o c e s s o r s  
are  c a p a b l e  o f  o p e r a t i n g  i n  p a r a l l e l ,  and t h e  sys t em a s s i g n s  
t a sks  t o  p r o c e s s o r s  t h a t  a r e  a v a i l a b l e .  Implement ing  such  a 
l o a d - s h a r i n g  o p e r a t i o n  i n v o l v e s  b o t h  hardware and s o f t w a r e  o f  
a p p r e c i a b l e  complex i ty .  This  concept  appears t o  have p a r t i c u -  
l a r  a d v a n t a g e s  f o r  h a n d l i n g  j o b s  t h a t  r e q u i r e  more p r o c e s s i n g  
s p e e d  t h a n  i s  p o s s i b l e  w i t h  a s i n g l e  p r o c e s s o r .  The h i g h  CPU 
l o a d i n g s  o f  some A A P  m i s s i o n s  make t h i s  concep t  a p p e a l i n g  f o r  
t h e  RTCC. 

Multiprogramming i s  a p o s s i b l e  means of  r e d u c i n g  t h e  
number o f  computers  needed for program development .  Some 
d e g r e e  o f  mult iprogramming has a l r e a d y  been  implemented:  t h e  
360/75's can  c a r r y  on p e r i p h e r a l  i n p u t - o u t p u t  a c t i v i t i e s  a s  
background,  l o w - p r i o r i t y  t a s k s  w h i l e  job-shop tasks  a r e  i n  
p r o c e s s .  It i s  p o s s i b l e  t o  e x t e n d  t h i s  concep t  to t a k e  advan- 
t a g e  of C P U  t i m e  a v a i l a b l e  d u r i n g  r e a l  t i m e  checkou t .  The 
s i m p l e s t  approach  would b e  t o  l o a d  and e x e c u t e  a n o n - r e a l  t ime  
j o b  when a r e a l  t i m e  u s e r ' s  program i s  i n t e r r u p t e d ;  h i s  program 
would b e  r e l o a d e d  and resumed i m m e d i a t e l y  when he  r e q u e s t e d  i t .  
The f a c t  t h a t  one program o p e r a t e s  i n  r e a l  t i m e  and must have 
p r i o r i t y  c o m p l i c a t e s  t h e  p i c t u r e  somewhat, b u t  does  n o t  p r e c l u d e  
t h i s  approach .  

O t h e r  chafiges i n  hardware ,  s o f t w a r e ,  or o p e r a t i n g  
p r o c e d u r e s  may p rove  f e a s i b l e  i n  improving  computer  u t i l i z a -  
t i o n .  It i s  l i k e l y ,  f o r  example,  t h a t  many tasks  now p e r -  
formed i n  b l o c k  t i m e  c o u l d  be accompl i shed  i n  job-shop mode, 
which  i n  g e n e r a l  u t i l i z e s  C P U  t i m e  more e f f i c i e n t l y .  

Wi th in  t h e  l i m i t a t i o n s  o f  t h e i r  manpower, IBM and 
MSC have been  i n v e s t i g a t i n g  many o f  t h e s e  a r e a s .  More needs  
t o  be done i n  t h i s  r e g a r d  t o  d e t e r m i n e  t h e  p r a c t i c a b i l i t y  of 
v a r i o u s  a l t e r n a t i v e  approaches  and choose t h e  one w i t h  t h e  
b e s t  p o t e n t i a l .  

Another  t o p i c  t h a t  w a r r a n t s  f u r t h e r  s t u d y  i s  t h e  
t e l e m e t r y  u p d a t e  c y c l e .  A s  shown i n  t h i s  r e p o r t ,  t h e  u p d a t e  
c y c l e  t i m e  i s  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  computer  re-  
q u i r e m e n t s ,  and expanding  t h i s  t i m e  can  l e a d  t o  s i g n i f i c a n t  
r e l a x a t i o n  i n  computer l o a d i n g .  Although CCATS s e n d s  da ta  
t o  t h e  RTCC once  e v e r y  second,  many o f  t h e  v a r i a b l e s  change 
v a l u e  o n l y  once  e v e r y  t e n  seconds .  T h e r e f o r e ,  a c o n s i d e r a b l e  
amount of redundancy e x i s t s  i n  t h e  t e l e m e t r y  da ta  and i t s  
p r o c e s s i n g  w i t h i n  t h e  RTCC. It i s  c o n c e i v a b l e  t o  have  t h e  
t e l e m e t r y  p r o c e s s i n g  programs t e s t  f o r  changes i n  t h e  v a l u e  
o f  a v a r i a b l e  and ,  if no change i s  d e t e c t e d ,  t o  bypass  c e r t a i n  
p r o c e s s i n g  s t e p s  i n v o l v i n g  t h a t  v a r i a b l e .  O p e r a t i n g  i n  t h i s  
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manner  would r e d u c e  t h e  t i m e  s n e n t  i n  D r o c e s s i n g  da t a ,  a t  t h e  
e x p e n s e  of some a d d i t i o n a l  t i m e  consumed i n  t e s t i n g  t h e  d a t a  
t o  d e t e r m i n e  w h e t h e r  i t  shou ld  b e  p r o c e s s e d  f u r t h e r .  S t u d i e s  
s h o u l d  be  c o n d u c t e d  to a s s e s s  t h e  p o t e n t i a l  b e n e f i t s  i n h e r e n t  
i n  t h i s  a p p r o a c h .  A d e c i s i o n  c o u l d  t h e n  be made as  to w h e t h e r  
t h e s e  b e n e f i t s  a re  s i g n i f i c a n t  enough t o  < j u s t i f y  t h e  many 
s o f t w a r e  m o d i f i c a t i o n s  n e c e s s a r y  to r e a l i z e  them. Companion 
s t u d i e s  c o u l d  be d i r e c t e d  a t  t h e  e f f e c t s  o f  a g e n e r a l  i n c r e a s e  
i n  t h e  t e l e m e t r y  u n d a t e  c y c l e  t i m e .  T h e  most o b v i o u s  d i s a d -  
v a n t a g e  o f  a n  i n c r e a s e  c y c l e  t i m e  i s  t h e  p o t e n t i a l  loss of 
da t a ;  f o r  example ,  i f  t h e  c y c l e  t i m e  were i n c r e a s e d  from one  
second  to two s e c o n d s ,  i t  i s  ~ o s s i b l e  t h a t  e v e n t s  o f  l e s s  t h a n  
two s e c o n d s  d u r a t i o n  c o u l d  beg in  and end between u p d a t e s  and  
pass  u n n o t i c e d .  The  c h a r a c t e r i s t i c s  o f  t e l e m e t r y  da t a  s h o u l d  
be  s t u d i e d  i n  d e t a i l  t o  d e t e r m i n e  t h e  l i k e l i h o o d  o f  s u c h  
s h o r t - d u r a t i o n  e v e n t s  o c c u r r i n g  and  t h e  e f f e c t s  on t h e  
m i s s i o n  i f  t h e y  a r e  n o t  o b s e r v e d .  The r e s u l t s  o f  t h i s  s t u d y  
c o u l d  p r o v i d e  a b a s i s  f o r  e s t i m a t i n g  a r a n g e  o f  a c c e p t a b l e  
t e l e m e t r y  u p d a t e  c y c l e  t imes  and  would be h e l p f u l  i n  p l a n n i n g  
f u t u r e  g rowth  o f  t h e  c a p a b i l i t i e s  o f  t h e  X C C - H .  

Acknowledgement:  The a u t h o r s  w i s h  t o  acknowledge t h e  c o o p e r a t i o n  
o f  N A S A ,  t h e  MITRE C o r p o r a t i o n ,  and  IBI4 Hous ton .  We w i s h ,  
however ,  to emphas ize  t h a t  t h e  a n a l y s e s  and  c o n c l u s i o n s  s t a t e d  
h e r e i n  a r e  o u r  own and  do no t  n e c e s s a r i l y  r e p r e s e n t  t h e  v i ews  
o f  t h e  p e r s o n n e l  a s s o c i a t e d  w i t h  t h e s e  o r g a n i z a t i o n s .  

J .  R .  R i r k e m e i e r  

JRB 1031-BHL-j d c  B .  H .  L i e b o w i t z  b! 
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APPENDIX 

An A n a l y s i s  o f  RTCC Program Swapping T i m e  

The amount o f  CPU t ime  s p e n t  i n  program swapping  i s  
a f u n c t i o n  o f  t h e  s i z e  o f  t h e  program and  t h e  d i s t r i b u t i o n  o f  
r e q u e s t s  f o r  t h e  cJmponent subprograms.  Swapping t i m e  i n  
A p o l l o  RTCC programs c a n  b e  used  as a g u i d e  f o r  e s t i m a t i n g  
swapp ing  t i m e  i n  AAP computer  p rograms .  The program s i z e  f o r  
AS-504 i s  es t imated  t o  b e  g r e a t e r  t h a n  5 x 1 0  6 b y t e s .  Latest  
es t imates  i n d i c a t e  t h a t  swapping t i m e  f o r  t h i s  program i s  2 0 %  
o f  a p r o c e s s i n g  c y c l e .  T h i s  f i g u r e  w i l l  b e  u s e d  f o r  o t h e r  
programs i n  t h e  same s i z e  r a n g e .  The f o l l o w i n g  a n a l y s i s  w i l l  
show t h a t  t h e  AAP-3/4 programs f a l l  i n t o  t h e  r a n g e  s o  t h a t  t h e  
2 0 %  f i g u r e  c a n  b e  u s e d  i n  d e t e r m i n i n g  C P U  l o a d i n g .  

The AAP-3/4 l a u n c h  and  r endezvous  c o m p r i s e s  maneuvers  
s imi la r  t o  t h o s e  o f  t h e  AS-258 m i s s i o n .  Hence, i t  w i l l  b e  
assumed t h a t  t h e  t r a j e c t o r y - o r i e n t e d  p o r t i o n  o f  t h e  AAP-3/4 
p rog ram w i l l  b e  comparable  i n  s i z e  t o  t h a t  p o r t i o n  o f  t h e  AS-258 
program.  I B M  estimates f o r  AS-258 program s i z e s  a re  shown i n  
T a b l e  A - 1 ,  which was t a k e n  from t h e  August 23,  1967,  RTCC P r o j e c t  
Development P l a n .  ( 6 )  
are  g i v e n  i n  t h e  f u n c t i o n a l  s p e c i f i c a t i o n  for t h e  E a r t h  O r b i t a l  

Rendezvous P r ~ g r a m . ' ~ ) )  
t r a j e c t o r y  p r o c e s s o r s ,  programs 1 t h r o u g h  5 ,  f o r  AS-258 r e q u i r e  

AAP est imate .  

( D e s c r i p t i o n s  o f  e a c h  o f  t h e  subprograms 

A s  can b e  s e e n  from t h e  T a b l e ,  t h e  

1980 x 1 0  3 b y t e s  of s t o r a g e .  T h i s  f i g u r e  w i l l  b e  u s e d  i n  t h e  

It  i s  a l s o  assumed t h a t  t h e  r e s i d u a l  programs and  RTOS 
w i l l  be  s i m i l a r  i n  s i z e ,  i . e . ,  385 x 1 0  3 b y t e s .  

The M i s s i o n  C o n t r o l  program,  which  i s  u s e d  f o r  - 

s e q u e n c i n g  subprograms,  shou ld -  b e  s l i g h t l y  b i g g e r  
s i n c e  t h e r e  are  more m i s s i o n  p h a s e s  t o  c o n s i d e r .  
assume a 2 0 %  i n c r e a s e ,  i . e . ,  a t o t a l  program s i z e  
b y t e s .  

f o r  AAP-3/4 
We w i l l  
of 460 103 

The most s i g n i f i c a n t  i n c r e a s e  w i l l  b e  i n  t h e  s i z e  o f  
t h e  t e l e m e t r y  p r o c e s s i n g  program. An a p p r o x i m a t i o n  t o  t h e  s i z e  
o f  t h i s  program c a n  be made by u s i n g  AS-504 a n d  AS-258 es t imates  
and  assuming t h a t  t h e  s i z e  of a t e l e m e t r y  p r o c e s s o r  i s  p ropor -  
t i o n a l  t o  i t s  r u n n i n g  t i m e .  
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From t h e  d a t a  g i v e n  i n  Tab le  1, i t  can  be Seen t h a t  
t h e  r u n n i n g  t imes a re  678 m i l l i s e c o n d s *  f o r  t h e  t o t a l  s e t  of  
t e l e m e t r y  p r o c e s s o r s  i n  AS-504, and 1202 m i l l i s e c o n d s * *  for t h e  
t o t a l  s e t  o f  t e l e m e t r y  p r o c e s s o r s  i n  AAP-3/4. T h e r e f o r e :  

1202 
= 678 504T 

where P 5 0 4 T  i s  t h e  s i z e  o f  t h e  t e l e m e t r y  p o r t i o n  o f  t h e  AS-504 
program and X i s  t h e  s i z e  o f  t h e  t e l e m e t r y  p o r t i o n  o f  t h e  AAP-3/4 

i s  compr ised  of two p a r t s :  i n s t r u c t i o n s  and data .  program. 
IBM h a s  e s t i m a t e d  t h e  i n s t r u c t i o n  s i z e  t o  b e  200  x lo3 b y t e s .  
From T a b l e  A - 1  w e  see t h a t  t h e  r a t i o  o f  t a b l e s  t o  i n s t r u c t i o n s  f o r  
t h e  AS-258 t e l e m e t r y  p r o c e s s o r  i s  3 . 9 6 .  An e x a m i n a t i o n  o f  e s t i -  
mates for o t h e r  programs i n d i c a t e s  t h a t  t h e  a v e r a g e  r a t i o  for t h e  

AS-501, 206, 258, and 502 t e l e m e t r y  p r o c e s s o r s  i s  3 .5 .  ( 6 )  Using 

4 . 0  t o  b e  c o n s e r v a t i v e ,  P 5 0 4 T  becomes 1 0 0 0  x l o 3  b y t e s . * * *  

t e l e m e t r y  p r o c e s s o r  f o r  AS-258 w i l l  r e q u i r e  1 7 7 5  x 1 0  3 b y t e s  o f  

( 6 )  '504T 

S u b s t i t u t i n g  P50 4T i n t o  e q u a t i o n  (1) w e  f i n d  t h a t  t h e  

s t o r a g e .  

It  i s  e s t i m a t e d  t h a t  t h e  d i g i t a l  command program s i z e  
w i l l  be  p r o p o r t i o n a l  t o  t h e  number of  v e h i c l e s  commanded. We 
w i l l  assume t h a t  t h e  i n c r e a s e  i n  command programs w i l l  b e  s imi la r  
t o  t h e  i n c r e a s e  i n  t e l e m e t r y  programs.  
for d i g i t a l  command p r o c e s s i n g  (which i s  l a r g e r  t h a n  t h e  one f o r  
AS-504) and m u l t i p l y i n g  by 1 2 0 2 / 6 7 8  w e  g e t  151 x l o 3  b y t e s .  

Adding a l l  f a c t o r s ,  as shown i n  T a b l e  A - 2 ,  w e  g e t  
' ~ 4 8 0 0  x l o 3  b y t e s ,  which i s  l e s s  t h a n  t h e  e s t i m a t e d  s i z e  for AS-504. 
Hence, t h e  swapping t i m e  f o r  t h e  AAP-3/4 program s h o u l d  b e  e q u a l  
t o  or l e s s  t h a n  t h a t  f o r  AS-504, which i s  e s t i m a t e d  t o  be 
20% o f  a p r o c e s s i n g  c y c l e .  

Using t h e  AS-258 es t imates  

*This  number i s  o b t a i n e d  by add ing  t h e  e x e c u t i o n  t imes f o r  
programs a t h r u  i i n  T a b l e  1. 

**This number i s  o b t a i n e d  by add ing  t h e  e x e c u t i o n  t i m e s  f o r  
programs a and c t h r u  k i n  T a b l e  1, add ing  a and c i n  t w i c e  t o  
a c c o u n t  for t h e  two l aunch  v e h i c l e s .  

***p - 200 103  + 4(200)  1 0 3  = 1000 103. 504T - 
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TABLE 1 

R T C C  PROGRAM EXECUTION TIMES 

A .  Te leme t ry  P r o c e s s i n g  T i m e  i n  M i l l i s e c o n d s  
( I n c l u d i n g  RTOS Overhead)  

Space  V e h i c l e  Program P r o c e s s i n g  T i m e  

SIC o r  SI 46 
SI1 4 9  
S I v B / I V  9 7  
CSM 171 
Aero Medica l  Data ( A M D )  62 

Apo l lo  Guidance Computer ( A G C )  5 1  
Lunar  Module (LM) 1 3 2  
LM Guidance Computer ( L G C )  45 

25  LM Abort Guidance System (AGS) 
O r b i t a l  Workshop (OWS) 

-. 

PJIultiple Docking Adaptor ( M D A )  260 

I A i r l o c k  Module ( A M )  

Apol lo  T e l e s c o p e  Mount ( A T M )  170 

B. Real T i m e  T r a j e c t o r y  P r o c e s s i n g  

Phase  

Launch 
Ma j or Burn 
O r b i t  

C .  Swapping Time 

T r a j e c t o r y  Load P e r  
V e  h i  c l e  

( p e r c e n t  o f  r e a l  
t i m e  c y c l e )  

14.49% 
10.63% 

2 .06% 

0-20% depend ing  on s i z e  of  t o t a l  program. 
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TABLE 2 

RTCC PROCESSING DURING CSM LAUNCH* 

(Percent of a 1 Second Update Cycle) 

Telemetry Pro ce s sing 

AAP-3 
CSM 17.1% 
AMD I 6.2 
AGC I I 5.1 
SI I 4.9 

I 

I 

I 

I 
SIVB 9.7 

I 

Subtotals 43.0% 

AAP-4 
SIVB 9.7% 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

9.7% 

OWS-MDA-AM 
26% 

Total Telemetry Processing 78.7% 
AAP-3 Trajectory Processing 14.5 
AAP-4 Trajectory Processing 2.1 
OWS-MDA-AM Trajectory Processing 2.1 

’” 97% 

26% 

*Including RTOS Overhead 
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TABLE 3 

RTCC PROCESSING D U R I N G  CSM-LM/ATM 
RENDEZVOUS WITH OWS-MDA-AM" 

(One Second Telemet ry  C y c l e )  

Te leme t ry  P r o c e s s i n g  

CSM 17.1% 
AMD 6 . 2  

LM 1 3 . 2  

LG C 4 . 5  
AGS 2 . 5  

AGC 5 . 1  

ATM 1 7 . 0  

Sub t  o t  a 1  6 5 . 6 %  
OWS-MDA-AM 2 6 . 0  

T o t a l  9 1 . 6 %  

T o t a l  Te leme t ry  P r o c e s s i n g  9 1 . 6  
CSM-LM-ATM T r a j e c t o r y  P r o c e s s i n g  1 4 . 5  
OWS-MDA-AM T r a j e c t o r y  P r o c e s s i n g  2 . 1  

'L 108% - Combined P r o c e s s i n g  

* I n c l u d i n g  RTOS Overhead 
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TABLE 4 

NON-UNIFORM PROGRAM DEVELOPMENT RATES 

MONTHS BEFORE 
LAUNCH 

1 2  

11 

1 0  

9 
8 

1 

MISSIONS 

ASSIGNED 
( S e e  
F igu re  1) 

- 

PROGRAM DEVELOPMENT RATES (HRS/MO)  

10,000 HR 
TOTAL 

2 2 5  
450 
6 2 5  

675  
7 5 0  

1 1 0 0  

1 2 2 5  

1 3 0 0  

1 6 0 0  

1 3 0 0  

6 0 0  

75 

A - 1  

6000  HR 
TOTAL 

1 3 5  
2 7 0  

375 
4 0 5  
450  
6 6 0  

735 
7 8 0  

1 0 1 0  

7 8 0  

3 6 0  

45 

C - 1 ,  F-1 
H*, I 

3 0 0 0  HR 
TOTAL 

7 
2 3  
30  
6 0  

6 0  

3 0 0  

7 2 0  

900 
6 0 0  

300  

A-2, B-1, 
C-2, D - 1 ,  
F-2 ,  G - 1 ,  
J ,  J ' ,  M 

1 5 0 0  HR 
TOTAL 

3 
1 2  

15  
30  

30  

1 5 0  

360  

450 

300  

1 5 0  

A-3 a n d  f f .  

3-2 a n d  f f .  

D-2, E - a l l ,  

F-3, G-2 ,  

K ,  N 
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NUMBER OF C O M P U T E R S  R E Q U I R E D  
( R T C C  O N L Y ,  N O N - U N I F O R M  D E V E L O P M E N T  R A T E S )  

C Y  S C H  J A N  FEB MAR APR MAY J U N E  J U L Y  AUG SEPT O C T  NOV D E C  

1 I 

I1 

I11 

I V  

V 

2 I 

I1 

I11 

I V  

V 

3 I 

I1 

I11 

I V  

T J  

4 I 

I1 

I11 

I V  

v 

4.4 4.1 4.6 6.4 - - 
4.4 4.1 4.6 6.4 
4.4 4.1 4.6 - 6.4 

- 
- 

4.4 4.1 4.6 6.4 - 
4.4 4.1 4.6 6& 

4.7 

4.0 

4.7 

5.1 
4.7 

9.4 4.6 4.0 4.0 3.7 4.0 

6.6 - 6.2 6.0 5.6 5.3 - -  
5.9 6._1& 6.4 5.8 5.7 - - 
6.0 6.1 4.8 4.6 4.1 4.1 

4.4 5.5 5.4 6.3 6.3 4.4 

- -  - 
- - - -  - -  

3.6 3.9 3.6 3.9 3.3 3.1 

4.9 5.7 5.4 5.2 3.8 4.0 

2.7 4.2 3.2 3.0 3.1 3.3 

5.3 5.7 5.6 6.2 5.6 5.3 

- - -  

- - - -  
5.2 5.6 4.9 4.1 3.9 3.3 

7.4 5.4 5.1 5.3 5.6 6.1 
m 
2.4 2.4 2.2 2.1 2.3 2.4 

a - 

2.4 2.4 2.2 2.1 2.3 2.4 

5.6 - 
6.0 - 
5.7 
6.3 

5.6 
- 
3.7 

- 5.8 

5.9 
3.8 

5.0 

2.4 

3.8 

4.0 

- 5.5 

4.0 

6.9 

2.7 
a 

- 6.9 
2.7 

- 5.6 5.0 

- 6.7 7.2 - =  - 
5.65.1 
6.97.2 
5.6 5.0 
- -  - 

4.0 3.7 

- 5.8 5.3 

- 6.4 5.4 
4.7 4.5 
- 
- 5.5 4.7 

2.2 

4.6 5.6 

3 . 0  4.2 

u- 6.6 

3.0 4.2 

- 

- 6.4 5.0 

2.6 2.2 

- 6.4 5.0 

- 
- 
2.6 2.2 

5.7 5.4 4.4 

0.4 7.9 7.1 

- -  
- - -  - - -  - - -  - 5.9 5.6 5.1 
8.4 7.8 6.4 

5.8 5.0 3.7 
- - _ y  - -  

4.0 3.7 4.0 

5.6 5.5 6.0 - - -  
5.2 4.1 3.4 

- 5.5 5.5 4.8 

4.0 5.3 4.3 - 

7.0 6.6 7.0 

3.8 3.4 3.1 

- -  - - ¶  

3.8 3.4 3.1 

4.6 3.6 3.4 

2.3 2.4 2.2 

4.6 3.6 3.4 

2.3 

S i n g l e  u n d e r l i n e  - more t h a n  5 computers  r e q u i r e d  

Double u n d e r l i n e  - more t h a n  6 computers  r e q u i r e d  

2.4 2.2 



BELLCOMM, I N C .  

TABLE 6 
NUMBER OF COMPUTERS REQUIRED 

(RTCC ONLY, U'.?IFORM DEVELOPMENT FIATES) 

C Y  SCH J A N  FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
1 I 

I1 

I11 

I V  

V 

2 I 

I1 

I11 

I V  

V 

3 I 

I1 

I11 

I V  

v 

4 I 

I1 

I11 

I V  

v 

4.1 4.3 3.6 4.0 3.6 4.0 3.6 4.0 3.6 4.0 3.6 4.0 

- - - -  5.8 5.3 5.1 6.2 5.3 6.0 5.4 5.5 5.8 5.5 5.7 5.9 

5.2 4.7 4.5 5.0 4.9 5.0 4.3 4.7 4.1 4.8 5.8 5.3 

5.8 6.2 5.5 5.3 5.7 4.2 4.7 4.9 4.3 4.1 4.4 4.0 

- - -  
6.3 6.8 6.0 5.8 5.3 4.7 5.0 4.1 3.8 3.3 3.5 - -  
- - -  
- 

3.6 3.8 3.1 3.3 2.6 2.8 2.1 2.2 

4.5 5.2 5.2 5.9 4.3 5.9 5.5 5.6 5.9 6.0 5.1 5.8 

2.6 3.4 2.3 2.8 3.5 3.6 4.2 4.6 3.6 4.3 2.6 2.9 

6.1 5.4 5.8 6.8 6.2 7.1 6.7 6.8 5.6 6.8 5.9 5.8 

3.8 4.5 3.3 3.6 4.3 3.6 4.2 4.7 3.6 3.3 2.6 2.9 

- - - - -  - - -  

a - -  - - -  - -  - - - =  

6.2 5.2 4.4 4.8 5.7 5.9 6.3 5.7 4.2 3.9 3.3 3.4 

2.5 2.6 2.4 2.1 2.3 2.5 2.6 2.4 1.8 2.0 2.1 2.2 

6.2 5.2 4.4 4.8 5.9 & 5.7 4.2 3.9 3.3 3.4 

2.5 2.6 2.4 2.1 2.3 2.5 2.6 2.4 1.8 2.0 2.1 2.2 

3 e D -  m -  - -  

a 

Single underline - more than 5 computers required 

Double underline - more than 6 computers required 

Triple underline - more than 7 computers required 
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? 

SCHEDULE % OF TIME NEEDS EXCEED PEAK REQUIREMENT 

5 6 7 

I 1 9  6 3 7 . 2  ( Y a y ,  C Y l )  
I1 73 33 1 2  8 . 4  ( O c t . ,  CY1) 

I11 38 1 2  2 7 . 2  (May,  C Y 1 )  
I V  69 4 0  1 5  8 . 4  ( O c t . ,  C Y 1 )  

V 2 7  8 2 7 . 2  (May,  CY1) 
i 

TABLE 7 

SCHEDULE 

I 

I1 

I11 

I V  
V 

SUMMARY OF NUMBER OF COMPUTERS REQUIRED 
(RTCC ONLY) 

% OF TIME NEEDS EXCEED PEAK REQUIREMENT 

5 6 7 

1 6  3 0 6 . 1  ( J a n . ,  CY1) 

83  1 7  2 7 . 2  (May,  C Y 1 )  

29  8 0 6 . 8  ( F e b . ,  CY2) 

6 9  2 9  4 7 . 2  (May,  C Y 1 )  

2 5  4 0 6.2 (Feb., CY2) 
A 

U N I F O R M  DEVELOPMENT RATES 
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TABLE 8 

GSSC CPU L O A D I N G  ESTIMATES 

CPU UTILIZATION 
I N C L U D I N G  RTOS 

OVERHEAD 
PROGRAM SIZE 

(BYTES)  PROGRAM FUNCTION 

*SAT I B  S i m u l a t e s  t h e  Uprated 
S a t u r n  Launch Veh ic l e  

S i m u l a t e s  t h e  S a t u r n  V 
Launch V e h i c l e  

S i m u l a t e s  t h e  CSM 
S i m u l a t e s  t h e  LM 
S i m u l a t e s  t h e  ATM 
S i m u l a t e s  t h e  OWS-MDA-AM 

7% 100,000 

**SLV 9% 125,000 

*CSM 
*LM 

**ATM 
**OWS-MDA- 

AM 

9% 
9% 
5% 
10% 

100,000 
150,000 
100,000 
looyooo 

*Ground 
* Track  
ALTDS 

S i m u l a t e s  ground r a d a r s  7% 

4 %  

105,000 

30,000 S i m u l a t e s  t h e  Apollo 
Launch T r a j e c t o r y  Data 
System (ALTDS) 

prqcessor on t h e  
i n s e F t i o n  s h i p  

S i m u l a t e s  t r a  j e c  t ory * I n s e r t i o n  
S h i p  30% 115,000 

*SCA I n -  

*TLM 1 / 0  

t e r f a c e  
I n t e r f a c e  w i t h  S i m u l a t i o n  

C o n t r o l l e r s  
Formats  t e l e m e t r y  

stream from S/C 
I n t e r f a c e  w i t h  f l i g h t  

crew t r a i n e r  

19% 160,000 

2 l % * * *  35 y 000 

30,000 *FCT In-  
t e r f a c e  4% 

382,000 RTOS and 
Subpool  
S t o r a g e  

Data t a b l e s  

1 ,532 ,000  TOTAL 

*Based on AS-504 estimates r e c e i v e d  f rom MSC. 
* * E x t r a p o l a t i o n  b y  t h e  a u t h o r s  to A A P .  

***Loading f a c t o r  b a s e d  on two v e h i c l e s ;  f o r  e a c h  a d d i t i o n a l  
v e h i c l e  add  6 % .  
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TABLE 9 

CPU UTILIZATION FOR A CSM-SIB LAUNCH 

PROGRAM 

SAT IB 
CSM 

Ground Track 
ALTDS 
Insertion S h i p  

SCA Interface 
TLM 1/0 
FCT Interface 

CPU UTILIZATION 

7% 
9% 

7 %  
4% 
30% 

19% 
21% 

4% 

101% 
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TABLE 1 0  

AAP-3 LAUNCH 

C P U  
UTILIZATION 

AAP-3 CSM 1 0 %  

AAP-3 SATIB 7% 
AAP-4 LM O%', 

AAP-4 SATIB 7% 
AAP-1/2 OWS-MDA-AM 10% 
S C A  I n t e r f a c e  1 9 %  
TLM 1 /0  33% 

AAP-4 ATM 0% j 

FCT I n t e r f a c e  
Ground Track  
ALTDS 
I n s e r t i o n  S h i p  

4 %  
7 %  
4 %  

30% 

131% 

COMMENT 

S l i g h t l y  more complex 
t h a n  AS-504 CSM 

Not t r a n s m i t t i n g  
d u r i n g  AAP-3 l a u n c h  

Four  v e h i c l e s  t r ans -  
m i t t i n g  

131% x .85 = - Q 311% 
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TABLE 11 

AAP-3/4 RENDEZVOUS WITH AAP-1/2 

PROGRAM 

AAP-3 CSM 
AAP-4 LM 
AAP-4 ATM 
AAP-1/2 OWS-MDA-AM 
S C A  I n t e r f a c e  
TLM 1 / 0  

FCT I n t e r f a c e  
Ground Track  
ALTDS 

CPU 
UTILIZATION 

10% 

5% 9% 1 
1 0 %  

1 9 %  
2 7 %  

4 %  
7% 
4 %  

95% 

Transmi t  t e l e m e t r y  
as one v e h i c l e  

Three v e h i c l e s  
t r a n s m i t t i n g  

95% x .85 = - Q 81% 
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T A B L E  1 2  

N U M B E R  OF C O M P U T E R S  R E Q U I R E D  
( G S S C  O N L Y ,  N O N - U N I F O R M  D E V E L O P M E N T  R A T E S )  

CY S C H E D .  J A N  FEB MAR A P R  MAY J U N E  J U L Y  AUG SEPT O C T  N O V  D E C  

1 I 1 . 0  0 . 9  - 1.1 1.0 0.6 0.8 0.8 0 . 7  1.1 1.0 0.8 0.8 
I1 1.0 0.9 1.1 1.0 0.6 0.9 1.0 - 1.6 1.11 1 . 4  - 

I11 1 . 0  0 . 9  1.1 1.0 0.6 0.8 0.8 0.7 1.2 1.2_ 1 . 0  - 1.4 
I V  1 . 0  0 . 9  1.1 1.0 0.6 0.9 1.0 1.2 1.5 1.6 1.2 1.4 
v 1.0 0.9 1.1 1.0 0.6 0.8 0.8 0.6 - 1.1 1.0 0.7 1.0 

2 

3 

4 

1.3 0.8 - 1.3 0.7 1.0 0.5 0.5 0.0 
- 1.8 1.3 1.1 0.8 0.8 0.6 0.8 0.8 0.8 0.8 1.2 1.2 

111 1.0 0.5 0.6 0.6 0.8 0 . 3  0.8 0.8 1.1 0.8 0 . 7  0.5 
1.6 1.4 1.4 1.6 1.4 1.4 1.6 1.3 1.3 1.2 1.2 
1.8 1 . 2  1.0 1.1 0.8 0.3 0.8 0.8 - 1.1 0.8 0.7 0.5 

- I 

I1 - 
- - = - - =  I V  

V - -  - 

I 

I1 1 . 2  - 1.1 1.2 1.5 1.6 l.g 1.2 0 . 7  1.0 1.0 0.5 0.0 
I11 0.6 0.6 0.3 0.2 0.6 0.6 0.8 0 . 2  0 . 5  0 . 5  0.5 0.0 

V 0.6 0.6 0.3 0.2 0.6 0.6 0.8 0.2 0.5 0.5 0.5 0.0 
1.2 1.1 1.2 1.6 1.9 1.2 0.7 1.0 1.0 0.5 0.0 -- - I V  

s i n g l e  u n d e r l i n e  - more t h a n  1 . 0  computer r e q u i r e d  
d o u b l e  u n d e r l i n e  - more t h a n  1 . 5  computers r e q u i r e d  
t r i p l e  u n d e r l i n e  - more t h a n  2 . 0  computers r e q u i r e d  
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T A B L E  17 

NUMBER OF COT4PUTERS R E Q U I R E D  
(GSSC O N L Y ,  U N I F O R M  D E V E L O P M E N T  R A T E S  1 

C Y  SCHED. J A N  FEB MAR A P R  MAY J U M E  J U L Y  AUG SEPT O C T  NOV DEC 

2 

3 

4 

1 I 
I1 
I11 
IV 
V 

I 
I1 
I11 
IV 

V 

I 
I1 
I11 
IV 

V 

I 
I1 
I11 
IV 

V 

1.1 0.8 1.0 1.0 0.6 0.8 0.8 0.6 1.0 0.6 0.8 0.8 
1.1 0.8 1.0 1.0 0.6 1.0 1.0 1.2 1.6 1.2 1.4 1.4 
1.1 0.8 1.0 1.0 0.6 0.8 0.8 0.6 1.2 1.2 0.9 1.4 
1.1 0.8 1.0 1.0 0.6 1.0 1.0 1.1 1.6 1.6 1.2 1.4 
1.1 0.8 1.0 1.0 0.6 0.8 0.8 0.6 1.1 1.2 0.6 1.1 

- - - - - -  - - - 
- - -  - - -  - -  - - - - 

1.3 0.8 - 1.2 0.8 1.0 0.5 0.5 0.0 

1.8 1.3 1.0 0.8 0 . 8  0.6 0.8 0.8 0.8 0.8 1.2 1.2 
1.0 0.6 0.6 0.6 0.8 0.3 0 . 8  0 . 8  1.0 0.8 0.8 0.6 
1.6 1.4 1.4 1.6 1.4 1.4 1.6 1.3 1.4 1.4 1.2 1.2 
1.8 1.3 1.0 1.1 0.8 0 . 3  0.8 0.8 1.0 0.8 0.8 0.6 

- -  - 

- -  - - - - - - -  - 
- -  - - 

1.2 0.9 1.3 1.7 1.6 1.8 1.2 0.8 1.0 1.0 0.5 0.0 

0.6 0.6 0.2 0 . 3  0.6 0.6 0.8 0.2 0 . 5  0.5 0.5 0.0 

1.2 0.9 1.3 1.1 1.6 1.8 1.2 0.8 1.0 1.0 0.5 0.0 

0.6 0.6 0.2 0 . 3  0.6 0.6 0.8 0.2 0.5 0.5 0.5 0.0 

- -  - 
- - - -  - 

s i n g l e  u n d e r l i n e  - more t h a n  1 . 0  computer r e q u i r e d  
doub le  u n d e r l i n e  - more t h a n  1 . 5  computers r e q u i r e d  
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TABLE 14 

SUMMARY OF NUMBER OF COMPUTERS REQUIRED 
(GSSC ONLY) 

NON-UNIFORM DEVELOPMENT RATES 

SCHEDULE % OF TIME NEEDS EXCEED PEAK REQUIREMENT 
C 

1.0 1.5 2.0 

I 31 0 0 1.3 (Jan., CY2) 
I1 62 25 2 2.1 (Mar., CY2) 
I11 31 I 12 0 1.9 (Mar., CY2) 
IV 73 ' 15 0 1.9 (June, CY4) 
V ' 33 4 0 1.8 (Jan., CY3) 

i I I 
L 

UNIFORM DEVELOPMENT RATES 

PEAK REQUIREMENT I SCHEDULE r %  OF TIME NEEDS EXCEED 
I Lo i 1.5 2.0 

I 
I 

I 28 ! 0 0 1.3 (Jan., CY2) 
I1 58 27 0 1.9 (Mar., CY2) 
I11 31 10 0 1.8 (Jan., CY2) 
IV 73 19 0 1.8 (June, CY4) 
V 38 4 0 1.8 (Jan., CY3) 

I 

I 1 I I 
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TABLE 1 5  
NUMBER OF COMPUTERS REQUIRED 

(RTCC AND GSSC, NON-UNIFORM DEVELOPMENT RATES) 

CY S C H  J A N  FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 

1 I 5 . 4  5 . 0  5 . 7  7.4 7.8 5 . 5  6.4 - - - -  6 . 3  6 . 1  6 . 7  6 . 2  5 . 2  -- 
I1 

5 .4  5 . 0  5 . 7  7.4 7 . 8  5 . 5  6.5 6 . 3  6 . 3  7.1 6 . 6  6 . 5  

- -='==== 

--- -e -- I11 

I V  

v 
5 . 4  5 . 0  5 . 7  7.4 7 . 8  6 . 0  7.3 8 . 1  8 . 7  1 0 . 0  g.0 7 . 8  

5 .4  5 . 0  5 . 7  7 .4  7 . 8  5 . 5  6 . 4  6 . 2  6 . 1  6 . 8  5 . 7  4 .7  
--- --  

-- ---- -- 
2 I 5 . 7  5 .4  5 . 3  4.8 5 . 0  4 . 8  5 . 0  4 .8  5 . 0  4 .8  5 . 0  4 .8  

8 . 1  7 . 6  8 . 1  7 . 0  7 . 3  7 . 3  7 . 6  7 . 2  7 . 2  7 . 2  7 . 1  7 . 3  - - -  - - I1 

I11 

I V  

v 

- - - - a = = = = = = =. 
- - -=- - - -  - 7.1 8.1 8.0 8 . 0  7.1 7.8 7.8 7.0 6 . 2  5 .2  4 . 0  - 
7 . 3  7 . 1  6 . 1  5 . 9  5 . 3  5 . 1  5 . 1  6 . 0  5 . 9  6 . 6  7 . 1  6 . 2  

5 . 7  6 . 8  6 . 8  7 . 9  7 . 3  5 . 7  6 . 3  6.7 5 .7  6 . 2  6 .7  5 . 7  
- - - ¶ -  

- - -- 
3 I 4.9 4 . 7  4 . 9  4 . 6  4 . 3  3 . 6  2 . 9  2 . 2  

a 7 . 0  6 . 5  6 . 0  4 . 6  4 .6  4 .6  5 . 4  6 . 4  ~ . 8  7.8 8.2 I1 

I11 3 . 7  4 .7  3 .8  3 . 6  3 . 9  3 . 6  4.8 4 .6  5 . 3  4 . 6  4 . 1  3 . 6  
--- - 

I V  

7 . 0  6 . 8  5 . 9  5 . 2  4 . 7  3 .6  4 .8  4 . 6  5 . 3  4 . 6  4 . 1  3 .6  - -  v 

4 I 

8 . 6  6.5 6.3. 6 . 8  7 . 2  8 . 0  8 . 1  7.1 6 . 0  5 . 6  4 . 1  3 . 4  I1 = - 
I11 3 . 0  3 . 0  2 . 5  2 . 3  2 . 9  3 .0  3 . 5  2 .8  2 . 7  2 . 8  2 . 9  2 . 2  

8 . 6  6 . 5  6 . 3  6 . 8  7.2 8 . 0  8 . 1  7.1 6 . 0  5 . 6  4 . 1  3 . 4  I V  

---- 
--c=- - - - 

v 3 . 0  3 . 0  2 . 5  2 . 3  2 . 9  3 . 0  3 . 5  2 . 8  2 .7  2 . 8  2 . 9  2 . 2  

Single underline - more than 6 computers 
Double underline - more than 7 computers 
Triple underline - more than 8 computers 
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T A B L E  16 

TsJUMBER OF C O M P U T E R S  R E Q U I R E D  
( R T C C  AND GSSC, U N I F O R N  D E V E L O P M E N T  R A T E S )  

CY S C H E D .  J A N  FEB MAR A P R  MAY J U N E  J U L Y  AUG SEPT O C T  N O V  DEC 

2 I 5.4 5.1 4.9 4.8 4.9 4.8 4.9 4.8 4.9 4.8 4.9 4.8 
7.1 6.7 7.0 7.6 7.2 7.6 7.2 6.9 7.6 7.1 7.3 - 7.2 - - -  - -  - - -3- a - I1 

24 a 6.4 5.6 4.9 4.4 4.1 
I V  5.7 5.9 6.4 6.1 6.1 5.7 5.8 5.5 6.4 U U 

=- I11 

V - 7.2 7._3 6.9 6.9 6.7 5.6 - 6.1 - 6.1 5.4 5.5 5.6 5.4 - 

3 I 4.9 4.6 4.3 4.1 3.6 3.3 2.6 2.2 

I1 6.3 6.5 6.2 6.7 5.1 6.5 6.3. 6.4 6.7 6.8 6.3 7.0 
I11 3.6 4.0 2.9 3.4 4.3 3.9 5.0 5.4 4.6 5.1 3.4 3.5 

4 I 

I1 7.4 6.1 5.7 6.5 71 7.7. 7.5 6.5 5.2 4.9 3.8 3.4 
I11 3.1 3.2 2.6 2.4 2.9 3.1 3.4 2.6 2.3 2.5 2.6 2.2 

- 

s i n g l e  u n d e r l i n e  - more t h a n  6 computers  r e q u i r e d  
doub le  u n d e r l i n e  - more t h a n  7 computers  r e q u i r e d  
t r i p l e  u n d e r l i n e  - more t h a n  8 computers  r e q u i r e d  
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TABLE 1 7  

SUMMARY O F  NUMBER OF C O M P U T E R S  R E Q U I R E D  

( R T C C  AND G S S C )  

N O N - U N I F O R M  D E V E L O P M E N T  R A T E S  

- 
S C H E D U L E  1 % O F  TIME N E E D S  E X C E E D  PEAK R E Q U I R E M E N T  

t c 
7 8 j  

I 
I1 

I11 
IV 
v 

I 22 6 
73 54 
38 23 
71 50 

: 33 8 

I 
o 7 . 8  (May, C Y 1 )  

I 1 0 . 0  (Oct., C Y 1 )  
19 
2 8.1 ( F e b . ,  C Y 2 )  I 

i 
19 , 10.0 (Oct., CY]' 
0 1 7.9 ( A p r . ,  C Y 2 )  

U N I F O R M  D E V E L O P M E N T  R A T E S  

7 

S C H E D U L E  % O F  TIME N E E D S  E X C E E D  1 P E A K  R E Q U I R E J 4 E N T  
6 

, 

6 7 8 !  

I 
I1 
I11 
IV 

1 6  3 0 7.2 (Jan., C Y 1 )  

8a 42 0 7.9 ( N o v . ,  C Y 1 )  

, 33 12 4 8.2 ( F e b . ,  C Y 2 )  

' 79 42 10 8.5 ( J u n e ,  C Y 3 )  

v j 23 ' l o  7.3 ( F e b . ,  C Y 2 )  
c I 
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TABLE A - 1  

AS-258 PROGRAM SIZE ESTIMATES 

I n s t r u c t i o n s  Data S t o r a g e  T o t a l  S t o r a g e  
S t o r a g e  Requi re-  Requirements  Requirements  
ments  (Thousands (Thousands o f  (Thousands o f  
of B y t e s )  B y t e s )  B y t e s )  

Launch Abort 

Miss ion  

O r b i t  and 

Reen t ry  

P l a n n i n g  

T r a j  e c t  o ry  

Tr a j e c  t o r y  

Miss ion  C o n t r o l  
D e t e r m i n a t i o n  

Telemet ry  

D i g i t a l  Command 

18 2 

4 1 4  

305 

346 

383 

166  

172 

7 3  

3 1  

94 

39 

56 

130  

217 

680 

1 2  

213 

508 

344 

4 0 2  

513 

383  

852 

85  

SUBTOTALS 2041 1259 

R e s i d u a l  Programs i n  Main Core 

RTOS Programs i n  Large Core S t o r a g e  

TOTAL PROGRAM SIZE 

3300 

245 

1 4 0  

3685 
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TABLE A-2 

AAP-3/4 PROGRAM S I Z E  ESTIMATES 

PROGRAM 

Launch A b o r t  

Mission Planning 

Orbit and Trajectory 

Reentry 

Trajectory Determination 

Mission Control 

Te leme t r y 

Digital Command 

Residual and RTOS 

STORAGE REQUIREMENT 
(THOUSANDS OF BYTES) 

1980 

460 

1775 

151 

385 

TOTAL 
- 

4751 
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ACRONYMS 

A G C  - Apollo Guidance Computer 

AMD - Aeromedical  Data 

ATM - Apol lo  T e l e s c o p e  Mount 

CCATS - Communications,  Command and Te leme t ry  System 

CPU - C e n t r a l  P r o c e s s i n g  Unit  

CSM -- Command and S e r v i c e  Module 

CSM-LM/ATM - Command S e r v i c e  Module-Lunar Module/Apollo 
Te le scope  Mount 

DSC - Dynamic S tandby Computer 

GSSC - Ground Systems S i m u l a t i o n  Computer 

MCC-H - M i s s i o n  C o n t r o l  Center-Houston 

MOC - Miss ion  O p e r a t i o n a l  Computer 

MSFN - Manned Space F l i g h t  Network 

OWS-MDA-AM - O r b i t a l  Workshop M u l t i p l e  Docking Adapter-  
A i r l o c k  Module 

R T C C  - Real Time Computer Complex 

RTOS - Real Time O p e r a t i n g  S y s t e m  

SCATS - S i m u l a t i o n ,  Checkout and T r a i n i n g  System 


